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SUMMARY AND CONCLUSIONS 
1.. The diRtribution of salt' and moisture in butter was 
studied with micromethods. Results on normal and abnormal 
commercial butter led to the following conclusions: 
a. In some samples of normal butter the salt was uni-
formly distributed while in others it was not. With most 
samples a correlation was noted between salt distribu-
tion and moisture incorporation. 
b. With normal butter there were no significant differ-
ences in salt distribution before and after printing with 
equipment which tended to rework the butter. The mois-
ture was more thoroughly incorporated in the butter 
before printing than after. 
c. In general, as the working of the butter was con-
tinued, the salt became more uniformly distributed . 
. d. In some samples of butter with abnormal flavors the 
salt was very unevenly distributed, while in others it 
was rather uniformly distributed. 
e. In mottled· butter the light-colored portions usually 
contained less salt than the dark-colored portions. In a 
sample of butter having a conspicuous color defect that 
was not typical mottling, the light-colored portions gen-
erally contained more salt than the dark-colored portions. 
f. With normal hutter there were larger variations in 
the moisture contents of microportions than in the salt 
contents. The percentages of salt in the serum, calcu-
lated from the analysis of microportions, frequently 
varied less than the percentages of moisture in' the 
microportions. With most samples a correlation was 
noted between the distribution of moisture in the butter, 
the distribution of salt in the serum and incorporation 
of moisture in the butter as shown by the number and 
size of moisture droplets when the butter is freshly cut. 
g. In samples of butter with abnormal flavors moisture 
often was not as uniformly distributed as in thoroughly 
worked, normal butter. In some samples of this type of 
butter the salt in the serum was rather uniformly dis-
tributed, while in others it was less evenly distributed .. 
h. With some samples of butter the salt contents of 
the large moisture droplets varied considerably; while 
with others they were relatively uniform. 
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2. Addition of 1.5 percent salt greatly inhibited bacterial 
action in experimental butter held at 15.5·C. Growth of 
various organisms in butter churned from inoculated, pas-
teurized cream was influenced by the distribution of salt 
in the butter, the lowest bacterial counts being obtained on 
butter having the salt well distributed. In unsalted butter 
growth was most rapid, and the numbers of organisms 
were the highest in the poorly worked product. 
3. As determined by an adaptation of the Burri smear 
culture technique, the numbers of organisms were lower, 
and they were more uniformly distributed in experimental 
butter containing organisms capable of producing a defect 
in which the salt was well disperseQ than in butter in 
which it was poorly dispersed. Often agar slopes prepared 
by culturing portions of the lai"ge moisture droplets appear-
ing on the freshly cut surfaces of butter showed no growth, 
while on a few slopes the colonies were too numerous to 
count. . 
4. In some comparisons the pH of the serum of experi-
mental butter churned from cream inoculated with lactic 
acid-producing streptococci and held at 15.5·C. ·decreased 
more with the salt poorly distributed than with the salt 
well distcibuted, but in other comparisons there were no 
significant differences. In unsalted butter the largest 
decreases in the pH of the serum usually occurred in the 
poorly worked product. 
5. Increases in the acid numbers of the fat of experimental 
salted butter churned from pasteurized cream inoculated 
with lipolytic organisms and held at 15.5·C were influenced 
by the distribution of salt in the butter, the largest increases 
occurring with the salt poorly distributed. 
6. When lots of pasteurized cream, each inoculated with 
an organism capable of producing a defect in butter, were 
churned and the butter held at 15.5·C., the butter 'with the 
salt well distributed usually did not develop defects, while 
the butter with the salt poorly distributed frequently did. 
Both thoroughly and poorly worked unsalted butter usually 
developed defects; they commonly appeared earlier in the 
poorly worked butter. 
7. When butter was churned from pasteurized cream, with 
Pseudomonas put1"efaciens added either to the cream or to 
the wash water, the butter having the salt well distributed 
did not develop defects, whereas the butter having the salt 
poorly distributed sometimes did when the organisms were 
added to the cream but not when they were added to the 
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wash water. The unsalted butter usually became putrid 
regardless of whether the organism was added to the cream 
or the wash water. 
8. When organisms capable of producing defects were 
added to butter churned from pasteurized cream, greater 
inhibition of the organisms occurred with the salt well 
distributed than with the salt poorly distributed. The 
unsalted butter from each churning developed a defect. 
9. In some instances tqe reworking of salted butter contain-
ing organisms capable of producing defects tended to favor 
development of the defects, while in others the reworking 
had no effect on the deterioration of the buttel· or even 
tended to inhibit bacterial action. 
Bacteriology of Butter 
LX V-ftI. Salt Distribution in Butter and Its Effect on 
Bacterial' Growth l 
. By w. H. HOECKER AND B. W. HAMMER 
The distribution of salt in butter is of importance from 
the standpoints of uniformity of composition and color, 
distribution of moisture and deterioration through action 
of micro-organisms. Various investigators, using macro-
methods of analysis, have studied the distribution of salt 
in butter, particularly in connection with controlling the 
composition and preventing certain color defects. The in-
formation obtained is very useful" but it is not adequate 
in considering the relationship of salt to bacterial changes 
in butter. 
The retarding effect of salt on the activity of many 
micro-organisms is generally recognized, and various inves-
tigators (8) have· noted that addition of salt to butter 
limits the action of bacteria in it. However, butter con-
taining relatively high percentages of salt sometimes under-
goes bacterial spoilage. 
Butter is not a homogeneous mass but an emulsion of 
water in fat, the water being present in droplets which 
vary from 3 to more than 100 microns in diameter (1, 22). 
The nutrients important for bacterial growth in butter, 
as well as the salt and bacterial cells, are largely included 
in the serum, the fat being relatively resistant to bacterial 
action. Growth of bacteria in butter is determined to a 
large extent by the chemical composition of the individual 
infected water droplet; thus the effectiveness of salt in 
preventing bacterial action depends on the distribution of 
salt to all the infected droplets. 
Since the average concentration' of salt in the serum 
of a churning of butter often is sufficient to inhibit growth 
of most bacteria causing spoilage in the product, the action 
of micro-organisms in producing defects in salted butter 
suggests that possibly not all of the serum in a churning 
contains the same concentration of salt. This would permit 
growth of bacteria in microportions of butter containing 
little or no salt, while in other portions containing higher 
concentrations growth would be inhibited. With the bac-
teriological changes in a lot of butter representing a com-
bination of the changes in numerous small portions, the 
salt contents of the 'smallest possible portions are needed 
in studying the effect of salt on the bacterial changes in 
butter. 
1 Project 119 of the Iowa Agricultural Experiment Station. 
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The investigations herein reported were undertaken (a) 
to study with micromethods the salt and moisture distri. 
bution in both normal and abnormal commercial butter and 
(b) to study the effect of salt distribution on numbers 
and distribution of organisms, on changes in pH of butter 
serum, on changes in fat acidities of butter and on pro-
duction of defects in butter by specific organisms. 
HISTORICAL 
Studies on the distribution of salt :in butter, using 
macromethods of analysis, have been reported in connec-
tion with controlling the composition of butter. Guthrie 
and Ross (7) and Guthrie (6) found that the composition 
of butter from some churnings varied considerably with 
respect to moisture, salt and fat and concluded that butter 
which is thoroughly worked has a more uniform composi-
tion than butter which is moderately worked. In connection 
with studies on the variability in composition of butter 
from the same churning, Manhart (18) stated, "of the 
three non-fatty constituents considered in this investiga-
tion, the curd was the most variable, the· salt next, and the 
water least." A more even distribution of these constituents 
was obtained as the working process was prolonged. Mc-
Dowall and MacDonald (16) noted that the extent of salt 
variation in butter depends largely on the method of salt-
ing, the temperature and time of working and the type of 
churn used. As a means of helping control the composition 
of the butter in a churning, Mortensen, et al. (19) recom-
mended weighing the salt in two or three lots and dis· 
tributing each lot over one-half or one-third, respectively, 
of the butter in the churn. Hood and White (9) found that 
the salt content of butter from the same churning varied 
as much as 0.9 percent. Factors responsible for the lack 
of ·uniformity in composition were (a) type, slope and 
mechanical condition of the churn, (b) lack of uniform 
and standard methods of manufacture and (c) lack of 
attention to details. 
Also with macroprocedures studies have been carried 
Qut on the distribution of salt in butter in connection with 
mottles, 3 color defect occurring primarily in salted butter. 
As a means of preventing mottles Doane (5) recommended 
working the butter sufficiently to thoroughly distribute the 
salt. McKay and Larson (17) found that salt could be 
present in butter in an undissolved condition without caus-
ing mottles, provided the water in the butter was saturated 
with salt and the salt was evenly distributed in the butter. 
Van Slyke and Hart (25) noted that butter with no 
buttermilk adhering to the outer surfaces of the granules 
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does not produce mottles when salted, irrespective of the 
salt distribution. They stated that, "Mottles in butter 
are due, primarily, to the presence and uneven distribution 
of buttermilk adhering to the outer surface of the small 
granules; and, secondarily, to the hardening and localizing 
effect of salt brine upon the proteid of the buttermilk 
thus retained in butter. The light portions of mottled 
butter owe their lighter color to the presence of localized 
proteid (usually casein lactate)." Sammis and Lee (23), 
working with butterlat free of casein, produced mottles 
when the salt was unevenly distributed in an emulsion 
obtained by churning the butterfat and water; they em-
phasized the importance of thoroughly working butter. 
Hunziker and Hosman (10) found that mottles appeared 
in salted butter in which the working was incomplete and 
that the opaque or light portions contained large numbers 
of very minute water droplets, while the deeper yellow or 
clearer portions contained fewer and larger water droplets. 
Addition of salt to butter tended to reduce the number and 
increase the size of the water droplets; this was due to 
the tendency of small droplets to migrate to areas contain-
ing relatively high concentrations of salt. 
The effect of the distribution of salt in butter on bac-
terial action also involves a consideration of the mois-
ture distribution. Studies on the effect of moisture dis-
persion in butter on growth of bacteria show that bacte-
rial action is definitely influenced by the extent to which 
butter is worked (13, 24) ; the comparatively slight bacfe-
rial activity in thoroughly worked butter is attributed to 
the finer dispersion of the moisture. In other investiga-
tions (11, 12) butter containing many small moisture drop-
lets did not deteriorate as rapidly as butter containing 
large droplets, which suggests that the addition of salt 
may be responsible for the formation of larger moisture 
droplets and thus, in some instances, may impair the keep-
ing qualities of the butter. 
Hunziker and Hosman (10) and Boysen (1) presented 
evidence showing that the addition of salt tends to free 
the moisture in butter. The brine solution must be incor-
porated during the working of the butter, and the extent 
to which the brine is distributed throughout the butter 
may greatly influence the activity of micro-organisms. 
Cullity and Griffin (4) studied samples of salted butter 
in which rabbito had developed. They noted that in some 
defective samples the texture of the butter was poor and· 
found from the manufacturing records that 70 percent of 
the churnings developing rabbito were poorly worked; they 
tentatively concluded that a h~gh salt content and thorough 
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working of the butter retard development of the defect. 
Rahn (21) and Weigmann (26) observed that the salt 
contents of all water droplets in butter are not the same, 
since a large number of the small droplets are enclosed in 
fat before the salt is added. They suggested that these small, 
early enclosed droplets may be of great importance from 
the standpoint of bacterial growth in salted butter. 
Working with experimental butter churned from cream 
inoculated with Pseudomonf1)5 putre/aciens, Claydon and 
Hammer (3) showed that, although salt tended to inhibit 
the putrid defect, it was not completely effective unless com-
bined with thorough working. They suggested that with 
an irregular distribution. of salt the organism can grow 
sufficiently at the points· having relatively low salt contents 
to produce spoilage. 
METHODS. 
MANUFACTURE OF EXPERIMENTAL BUTTER 
Pasteurized, sweet cream was obtained from, the butter 
laboratory, held over night at 5°C. and churned in a dazey 
churn that had been chemically sterilized. A culture Of an 
organism capable of producing a change in butler was added, 
either to the cream immediately before churning, .to the 
wash water or to the butter. The cream was churned cold 
enough so that the butter granules were firm. The butter 
was washed with cold, sterile water and worked in sterile 
equipment; it was worked in one lot until the free moisture 
was drained, after which it was divided and portions treated 
differently. 
SALT DETERMINATIONS 
In studying the distribution of salt in butter the volu-
metric micromethod of Ogg, et al. (20) was used. 
The salt contents of moisture droplets on freshly cut 
butter surfaces were determined as follows: A portion of 
a droplet was removed with a very small, weighed capillary 
tube; the ends of the tube were then sealed with a small 
flame and the tube was weighed. The contents were removed 
from the capillary tube by crushing it with a small glass 
rod in a spot plate depression containing five drops of 
water. The salt concentration in the solution was high 
enough so that no additional sodium chloride was necessary 
in the titration. The solution was tftrated with approxi-
mately 0.025 N silver nitrate, dichlorofluorescein being 
used as the indicator. 
The salt contents of macrosamples of butter were deter-
mined by weighing 5 to 10 g. of butter in a 50 ml. beaker; 
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20 ml. of hot distilled water was added, and, 'after the but~ 
ter had melted, the mixture was transferred to a separatory 
funnel. The mixture was shaken for several minutes and 
allowed to stand until the fat and water had separated; the 
water was then drained into an evaporating dish. The 
extraction was repeated six times, using 20 ml. of hot water 
each time. The salt solution was titrated with approxi-
mately 0.-1 N silver--nitmte,-using_dichlorofiuorescein as the 
indicator. 
MOISTURE DETERMINATIONS 
The moisture contents of microportions of butter were 
determined as follows: An approximately 0.3 to 1.0 mg. 
portion of butter was picked in the manner used in the salt 
determinations (20) and placed on a weighed microspoon 
which was immediately placed in a glass-stoppered, micro-
weighing bottle (7 mm. in diameter and 11 mm. in height) 
and the weight determined to within 0.002 mg. - :Afte~ 
weighing, the microspoon was suspended on a small wire 
rack which _ was placed on the hot plate in a Mojonnfer 
vacuum drying oven, the sample of butter being held ap-
proximately 1 inch above the hot place. The sample was 
dried in the oven under 28.5 inches vacuum for 30 minutes 
aud reweighed; the temperature of the hot plate ranged 
from 100· to 115·C. 
Moisture contents of macrosamples of butter were deter-
mined with the method described by Mortensen et al. (19). 
BACTERIAL COUNTS 
Bacterial counts were made by the plate method, using 
beef infusion agar and an incubation of 4 days at 21 ·C; _-
DISTRIBUTION OF ORGANISMS 
The distribution of organisms in butter was studie~ with 
an adaption of the Burri smear culture technique (15), 
using beef infusion agar slopes. 
ACIDITY DETERMINATIONS 
The pH values of -butter serums were determined with a 
Leeds and Northrup potentiometer, a calomel half-cell and 
a quinhydrone electrode. The serum was recovered by cen-
trifuging the melted butter and drawing off the fat. 
Acidities of the fats were determined with the method 
described by Breazeale and Bird (2). 
EXPERIMENTAL 
SALT DISTRIBUTION IN COMMERCIAL BUTTER 
The distribution of salt in -a lot of commercial butter 
was studied with the microprocedure by analyzing 10 por-
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tions of approximately 0.2 mg. each from a sample of about 
15 g. The variance of the results on the microportions from 
each churning was computed in the Statistical Laboratory; 
the larger the number representing the variance the greater 
is the variation in the salt contents of the microportions 
from a sample. . 
The incorporation of the moisture in butter was observed 
by cutting the cold butter (approximately S·C.) with a 
fine nichrome wire and, after several minutes, examining 
the freshly cut surfaces for the formation 'of water drop-
lets. Butter classed as very good from the standpoint of 
moisture incorporation showed no visible water droplets 
on the freshly cut surfaces; butter classed as good showed 
only a· few small water droplets; butter classed as fair or 
poor showed considerable numbers of water droplets; while 
butter classed as very poor showed numerous large water 
droplets which appeared very quickly. 
NORMAL BUTTER 
The butter samples used in studying salt distribution in 
normal commercial butter were obtained from the Iowa 
State College butter laboratory and from commercial 
creameries. They were kept cool so that the original body 
and texture were changed as little as possible. Data on 24 
samples are presented in table 1. 
The salt distribution varied considerably with the dif-
ferent samples, but with most samples a correlation was 
noted between salt distribution and incorporation of the 
moisture. The greatest variation in salt content occurred 
in samples having the moisture poorly incorporated. With 
churnings 1 and 2, no free moisture was observed on the 
cut surfaces, and the salt distribution was very uniform. 
The salt contents of the microportions ranged from 2.21 to 
2.68 percent and from 2.30 to 2.68 percent, respectively, 
while the variances of the salt contents were 0.0255 and 
0.0176, respectively. Churnings 3 and 4 showed only a few 
small moisture droplets on the cut surfaces and, with one 
exception, the salt contents of the microportions were uni-
form. With churning 3 the salt contents varied from 1.77 
to 2.50 percent, and with churning 4, except for one value 
of 4.11 percent, they ranged from 1.77 to 2.22 percent; the 
variances of the salt contents were 0.0461 and 0.4975, re-
spectively. I . 
Churnings 5, 6, 7 and 8 showed numerous small water 
droplets on the cut surfaces, but the salt distribution was 
relatively uniform. The percentages of salt in the micro-
portions ranged from 1.87 to 2.89, from 2.05 to 3.26, from 
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1.47 to 2.47 and from 2.00 to 3.52, respectively. The vari-
ances of the salt contents were 0.0346, 0.1206, 0.1410 and 
0.2042, respectively. Churnings 9, 10 and 11 showed large 
moisture. droplets on the cut surfaces, and the salt distri-
bution was not as uniform as in the more thoroughly worked 
butter. The percentages of salt in the microportions varied 
from 0.70 to 1.90, from 1.74 to 3.42 and from 1.68 to 3.26, 
respectively; the variances of the salt contents were 0.1458, 
0.2690 and 0.2503, respectively. Churnings 12 and 13 were 
very leaky, and numerous large water droplets appeared 
immediately on the cut surfaces; the salt contents of the 
microportions ranged from 1.24 to 4.32 percent and from 
1.87 to 4.05 percent, respectively. The variances of the salt 
contents were 0.7628 and 0.5751, respectively. 
Churnings 14, 15 and 16 were made from one vat of 
cream which was divided into three equal portions. With 
churning 14 the water necessary for the standardization of 
the butter composition was added in one lot early in the 
working process; with churning 15 it was added in two lots 
with an interval between them, while with churning 16 it 
was added in three lots with intervals between them. The 
salt was added to the butter granules. With churnings 14 
and 15 no free moisture was observed on the cut surfaces 
of the butter, whereas with churning 16 a few small mois-
ture droplets were noted. The percentages of salt in the 
microportions ranged from 1.94 to 2.37, from 1.83 to 2.38 
and from 0.99 to 2.32, respectively, with the three churnings, 
while the variances of the salt contents were 0.0179, 0.0348 
and 0.1780, respectively. 
Churnings 17, 18, 19 and 20 were made from one lot of 
cream, while churnings 21, 22, 23 and 24 were made from 
another lot. With two churnings in each series the salt was 
placed in a trench after the butter had been worked suffi-
ciently to gather, the granules in a 1'011, while with the re-
maining two churnings in each series the salt was added to 
the granules. Although' the early addition of salt to the 
granules should favor its uniform distribution in the butter, 
the data are not consistently in favor of either method of 
salting. With churnings 17 and 18, in which the salt was 
added to the butter in a. roll, the salt distribution was not 
as uniform as with churnings 19 and 20, in which the salt 
was added to the granules; for the four churnings the per-
centages of salt in the microportion varied from 1.73 to 
3.60, from 1.62 to 3.00, from 1.76 to 2.24 and from 1.52 to 
2.14, respectively, the variances of the salt contents being 
0.3048, 0.1553, 0.0252 and 0.0312, respectively. With churn-
ings 21, 22, 23 and 24 the differences in salt distribution 
with the two methods of salting were not significant. In 
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churnings 21 and 22 with which the butter was salted in a 
roll, the salt contents of the microportions ranged froll). 
1.40 to 2.47 percent and from 1.90 to 2.35 percent, respec-
tively, whereas in churnings 23 and 24, with which the salt 
was added to the granules, the salt contents varied from 
1.65 to 2.36 percent and from 1.41 to 2.59 percent, respec-
tively. The variances of the salt contents were 0.1529, 
0.0168, o.o~n 7 and 0.1599, respectively. 
NORMAL BUTTER BEFORE AND AFTER PRINTING 
Studies on the salt distribution in butter both. before 
and after printing with a printer which tended to rework 
the butter were made on a normal commercial butter ob-
tained from Iowa creameries. Data on nine churnings are 
given in table 2. 
In churnings 3, 8 and 9 there were practically no dif-
ferences in the salt distribution in the butter before and 
after printing. Before printing the percentages of salt in 
the microportions varied from 2.04 to 3.09, from 1.87 to 
2.88 and from 1.92 to 3.69,. respectively, while after print-
ing they varied. from 2.21 to 3.55, from 1.57 to 2.55 and 
from 1.98 to 3.76, respectively. The variances of the salt 
contents of the butter before printing were 0.0899, 0.1255 
and 0.2535, respectively, while after printing they were 
0.1069, 0.1373 and 0.2427, respectively. 
In churnings 1, 2, 4 and 5 the salt distribution was more 
uniform in the butter before than after printing. Before 
printing the percentages of salt in the microportions ranged 
from 1.71 to 2.15, from 2.05 to 2.66, from 1.80 to 2.35 and 
from 2.00 to 3.52, respectively, while after printing they 
ranged from 1.61 to 2.81, from 1.50 to 2.41, from 2.05 to 
3.80 and from 1.93 to 3.76, respectively. The variances 
of the salt contents before printing were 0.0175, 0.0377, 
0.0283 and 0.2042, respectively, and after printing they 
were 0.1449, 0.1071, 0.3280 and 0.3081, respectively. 
In churnings 6 and 7 the distribution of salt was less 
uniform in the butter before printing than after. Before 
printing the salt contents of the micro portions ranged from 
2.20 to 3.86 percent and from 1.53. to 4.36 percent, respec-
tively, while after printing they varied from 2.03 to 2.89 
percent and from 1.89 to 2.66 percent, respectively. The 
variances of the salt contents before printing were 0.3516 
and 0.4889, respectively, and after printing they were 0.0799 
and 0.0755, respectively. 
In all churnings except 4 and 5, the salt content, as 
determined by the macromethod, was slightly higher in 
the butter before printing than after. Except for churning 
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8 the moisture was more thoroughly incorporated in the 
butter before printing than after. Apparently reworking 
of the butter by the printer caused the moisture to be in 
larger droplets after the printing .. 
BUTTER WORKED DIFFERENT AMOUNTS 
The relationship between the amount butter is worked 
and .the salt distribution in it was studied by removing 
samples at intervals during the working of commercial 
churnings. Three samples were taken from each of three 
churnings-l, 2 and 3. Sample 1 was removed early in 
the working when the moisture was very poorly incorpor-
ated; sample 2 was removed when the butter was moder-
ately worked but still contained numerous moisture drop-. 
lets; while sample 3 was taken after the working was com-
plete. With churning 3 the working of the portion of butter 
removed when the churning was finished commercially was 
continued by hand until the butter was dry and sticky. 
In the finished butter from churnings 1 and 2 the moisture 
was fairly well incorporated. Two samples were removed 
from each of three churnings, 4, 5 and 6. With churnings 
4 and 5, sample 1 was removed early in the working process 
when the moisture was very poorly incorporated, while 
with churning 6, sample 1 was not removed until the mois-
ture was fairly well incorporated. Sample 2 from each 
churning was taken after the working was complete. In 
the finished butter from churnings 4 and 6 the moisture 
was well distributed, while the finished butter from churn-
ing 5 was mottled and contained large moisture droplets. 
All samples were held at 4°C. for 2 to 6 days before analysis. 
Data on the six churnings ate presented in table 3. 
In sample 1 from each of churnings 1, 2 and 3, the salt 
was very poorly distributed, the percentages of salt in the 
microportions varying from 0.00 to 2.53, from 1.65 to 4.61 
and from 0.31 to 1.97, respectively. The variances of the 
salt contents were 0.8625, 1.1661 and 0.3518, respectively. 
In sample 2 from each of the churnings, the salt contents 
of the microportions still varied considerably; the per-
centages of salt ranged from 0.00 to 1.65, from 1.49 to 
5.83 and from 0.54 to 3.56, respectively, and the variances 
of the salt contents were 0.3150, 1.6218 and 0.6876, respec-
tively. In sample 3 from each of churnings 1 and 2 the. 
salt distribution was not very uniform, while in sample 3 
from churning 3 the salt was very uniformly distributed; 
for the three churnings the percentages of salt in the 
microportions ranged from 1.97 to 3.81, from 1.39 to 3.12 
and from 1.79 to 2.22, respectively, and the variances of the 
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salt contents were 0.3126, 0.2979 and 0.0180, respectively. 
In sample 1 from each of churnings 4 and 5, conspicuous 
differences occurred i~ the salt contents of the micropor-
tions. The percentages of salt varied from 1.91 to 5.50 
and from 0.00 to 5.25, respectively, and the variances of 
the salt contents were 1.3757 and 3.5885, respectively. 
Sample 1 from churning 6 was removed late in the working 
process, and the salt was fairly uniformly distributed; the 
salt contents of the microportions ranged from 2.33 to 
3.23 percent, and the variance of the salt contents was 
0.0780. In sample 2 from each of churnings 4, 5 and 6, the 
salt was more uniformly distributed than in sample 1; the 
percentages of salt in the microportions ranged from 1.46 
to 2.91, frorp. 1.31 to 4.26 and from 2.09 to 2.79, respectively, 
and the variances of the salt contents were 0.2639, 0.7612 
and 0.0462, respectively. 
BUTTER WITH ABNORMAL FLAVORS 
The distribution of salt in butter that had developed 
abnormal flavors in commercial channels was investigated 
with butter from different sources. Table 4 presents . data 
on 14 churnings of putrid butter and one churning of canned 
butter which had developed a gassy condition. 
In some of the churnings the variations in salt distribu-
tion were greater than the usual variations encountered in 
normal commercial butter, while in others the salt distri-
bution was fairly uniform. Churnings 1 and 2 showed the 
greatest variations in salt distribution, the salt contents 
of the microportions ranging from 0.35 to 5.33 percent and 
from 0.52 to 3.82 percent, respectively; the variances of 
the salt contents were 1.9990 and 1.1150, respectively. 
Churnings 3, 4, 5, 6 and 8 showed relatively large irregular-
ities in salt distribution, and with each churning one or 
more microportions had salt contents of less than 1 percent. 
The percentages of salt in the microportions varied from . 
0.36 to 3.22, from 0.00 to 2.30, from 0.15 to 1.58. from 
0.30 to 3.10, and from 0.89 to 3.26, respectively, while the 
variances of the salt contents were 0.7272, 0.6264, 0.3075, 
0.6547 and 0.5174, respectively. With churning 7 the salt 
contents of the microportions were fairly uniform with the 
exception of one high value of 4.28 percent. The salt con-
tents of the remaining nine portions ranged from 1.36 to 
2.31 percent. The variance of the salt contents, as deter-
mined on the 10 microportions, was 0.6931. . 
With churnings 9, 10, 11 and 13 the salt distribution 
was fairly uniform; the percentages of salt in the. micro-
portions varied from 1.14 to 2.12, from 1.5 to 3.17, from 
1.39 to 3.25 and from 1.31 to 2.59, respectively, while the 
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variances of the salt contents were 0.1200, 0.3444, 0.2613 
and 0.1312, respectively. 
Churnings 12, 14 and 15 showed the smallest variations 
in salt distribution. The percentages of salt in the micro-
portions ranged from 1.60 to 2.28, from 0.37 to 1.06 and 
from 1.34 to 2.06, respectively, while the variances of the 
salt contents were 0.0561, 0.0423 and 0.0447, respectively. 
Churning 14 contained very little salt; as determined with 
the macromethod, the content was 0.65 percent. Besides the 
putrid defect, the butter showed dark areas on the surface 
due to the growth of a pigment-producing organism which 
was identified as Pseudomonas nigrifaciens (27). Churn-
ing 15 was packaged in 5-pound tins; gas development in the 
butter caused the tins to swell, and the flavor was very 
unclean. 
MOTTLED BUTTER 
Light and dark areas of mottled butter, obtained from 
various commercial sources, were analyzed for salt. Data 
on four _churnings are presented in table 5. 
The light areas generally contained less salt than the 
dark areas. Churnings 1 and 2 showed very pronounced 
mottling. The percentages of salt in microportions picked 
from the light areas ranged from 0.00 to 0.49 and from 
0.38 to 2.92, respectively, and the average salt contents 
were 0.22 and 1.70 percent, respectively; for the dark areas 
the percentages of salt ranged from 1.18 to 5.25 and from· 
2.36 to 4.05, respectively, and the average salt contents 
were 3.24 and 3.22 percent, respectively. In churnings 3 
and 4 the color defect was much less pronounced than in 
churnings 1 and 2, the butter being only slightly mottled. 
The percentages of salt in microportions picked from the 
light areaa varied from 0.00 to 2.34 and from 1.21 to 2.16, 
respectively, the average salt contents being 1.21 and 1.80 
percent, respectively; for the dark areas the percentages 
of salt ranged from 1.09 to 2.92 and from 2.27 to 2.96, 
respectively, and the average salt contents were 2.27 and 
2.72 percent, respectively. In churning 3 the microportion 
containing no salt was picked from a white spot in the 
butter and presumably was a particle of curd. 
A sample of commercial butter that had a color defect 
somewhat suggestive of mottles was studied for the salt 
distribution in it. The butter showed dark portions that 
appeared as streaks or spots throughout the mass of butter; 
they suggested that at some time the butter had become 
soft enough so that there was some fat separation. The 
dark portions of the butter made up only a relatively small 
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part of the entire mass. The light areas generally contained 
more salt than the dark areas, which is in direct contrast 
with .the results on the typically mottled butter. The salt 
contents of the microportions picked from the light areas 
ranged from 2.31 to 3.75 percent, the average being 3.10 
percent, while for the dark areas the salt contents ranged 
from 0.92 to 2.48 percent, the average being 1.70 percent. 
SALT AND MOISTURE DISTRIBUTION IN 
COMMERCIAL BUTTER 
The distribution of salt and moisture in butter was 
studied by analyzing 10 microportions picked in the usual 
manner from a sample of approximately 15 g. Moisture 
determinations were made, and then the salt contents were 
detE'rmined on the portions after drying. The percentage of 
salt in the serum of a portion was calculated from the 
moisture and salt values. Salt also was determined on 
large moisture droplets appearing on freshly cut surfaces 
of butter in which the moisture was poorly incorporated. 
ACCURACY OF MOISTURE DETERMINATIONS ON 
MICROPORTIONS OF BUTTER 
The accuracy of the moisture determinations could not 
be ascertained by analyzing duplicate microportions, since 
butter is not a homogeneous mass, and duplicate portions 
could not be obtained. 'However, 10 microportions were 
picked from each of several samples of well-worked butter 
showing no visible moisture on the freshly cut surfaces and 
the moisture values determined after drying for 30 and 60 
minutes; also, the moisture value was determined by the 
macroprocedure. The data on two churnings are given in 
table 6. 
Although the moisture values on the microportions from 
a sample varied somewhat, the variations were no greater 
than would be expected with very small portions of a non-
homogeneous material such as butter. With churning 1 
the moisture values on the microportions varied from 13.4 
to 16.1 percent when dried for 30 minutes and from 13.6 
to 16.0 percent when dried for an additional 30 minutes. 
With churning 2 the moisture values ranged from 14.7 to 
16.0 percent and from 15.0 to 16.1 percent when dried for 
30 and 60 minutes, respectively. The difference in the mois-
ture values on a microportion with drying for 30 and 60 
minutes was relatively small; the greatest difference for 
any portion from churnings 1 and 2 was 0.5 percent. 
The average of the "moisture" values on the 10 micro-
portions from a sample compares favorably with the value 
obtained by the macroprocedure, the former being slightly 
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lower. The average of the moisture values on the micro-
portions dried for 30 minutes was 15.2 percent with churn-
ing 1 and 15.5 percent with churning 2, whereas with the 
macroprocedure the values were 15.75 and 16.44 percent, 
respectively. 
NORMAL BUTTER 
The samples used in studying salt and moisture distribu-
tion in normal butter were obtained from the Iowa State 
College butter laboratory and from commercial creameries. 
With some of the churnings made in the butter laboratory 
the salt was added to the butter granules before the working 
was begun, while with others the salt was placed in a trench 
after the butter had been worked sufficiently to gather, the 
granules in one roll. Also, with some churnings the water 
necessary for standardization of the composition of the 
butter was added in one lot early in the working, while 
with others the water was added in two lots, half being 
added early and the remainder when the working was 
approximately half complete. Table 7 presents data on 18 
churnings. 
The average of the moisture contents of the 10 micro-
portions from a sample usually was slightly lower, and the 
average of the salt contents of the serum calculated from 
the microanalyses usually was slightly higher than when 
macroprocedures were used. With most samples a correla-
tion was noted between salt and moisture distribution in 
the butter, salt distribution calculated on a serum basis 
and incorporation of moisture in the butter; the greatest 
variations occurred in samples having the moisture less 
completely incorporated. Much larger variations occurred 
in the moisture contents than in the salt contents of the 
microportions. The variations in the salt contents of the 
serum frequently were less than the variations in the 
moisture contents of the microportions. 
With churnings 1, 2, 3, 4, 5, 10 and 14 no free moisture 
appeared on the cut surfaces, and the salt distribution was 
very unifonn. The percentages of salt in the microportions 
ranged from 2.13 to 2.46, from 2.19 to 2.67, from 1.95 to 
2.23, from 2.48 to 2.82, from 2.09 to 2.54, from 2.47 to 
2.94 and from 2.11 to 2.49, respectively, while the variances 
of the salt contents were 0.0074, 0.0138, 0.0073, 0.0082, 
0.0188, 0.0194 and 0.0145, respectively. The moisture dis-
tribution also was relatively uniform, and while the varia~ 
tions in the moisture contents were greater than in the 
salt contents, the variations with most of the churnings 
were ·no greater than would be expected. The percentages 
of moisture in the microportions varied from 13.4 to 15.1, 
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from 14.7 to 16.0, from 14.9 to 17.2, from 15.5 to 17.9, 
from 13.0 to 15.2, from 13.2 to 16.7 and from 14.0 to 16.4, 
respectively; the variances of the moisture contents were 
0.2484, 0.2204, 0.4711, 0.4684, 0.5468, .0.9782 and 0.4782, 
respectively. The salt contents of the serum in most of 
the microportions from a churning commonly varied less 
than 1 percent. With churning 1 the salt contents of the 
serum in eight microportions varied from 13.3 to 13.6 
percent, while the salt contents of the serum in the remain-
ing two portions were 14.6 and 14.3 percent; the variance 
of the salt contents was 0.1801. With churning 2 the salt 
contents of the serum in seven micro portions ranged from 
13.1· to 13.8 percent, and in the 10 microportions they 
ranged from 12.8 to 14.4 percent; the variance of the salt 
contents was 0.2379. With churnings 3, 4, 5, 10 and 14, 
the percentages of salt in the serum of the 10 microportions 
ranged from 10.2 to 12.7, from 12.6 to 14.6, from 13.6 to 
15.5, from 14.1 to 17.5 and from 12.2 to 14.1, respectively. 
With the exception of churning 3, the salt contents of the 
serum of the microportions varied less than the moisture 
contents, the variances of the salt contents being 0.4921, 
0.3321, 0.3868, 0.8933 and 0.4188, respectively. 
Churnings 6 and 7 represent butter from the same lot, 
churning 6 before printing and churning 7 after printing. 
Except in a few areas no free moisture appeared on the cut 
surfaces and, since most of the moisture seemed to be 
thoroughly incorporated in the butter, it was assumed that 
the moisture droplets came from the butter tamper. From 
the butter, both before and after printing, several micro-
portions were picked from areas where there were mois-
ture droplets. Before printing, the percentages of salt in 
these microportions ranged from 2.04 to 2.52, while after 
printing they varied from 1.83 to 2.63; the variances of 
the salt contents were 0.0242 and 0.0638, respectively. With 
the butter before and after printing, the percentages of 
moisture in the microportions ranged from 11.2 to 20.0 
and from 12.7 to 41.2, respectively; the variances of the 
moisture contents were 5.7654 and 72.6561, respectively. 
Generally the microportions in which the moisture con-
tents were high contained relatively small amounts of salt, 
which resulted in low salt contents in the serum. The salt 
contents of the free moisture undoubtedly were even less 
than those of the serum, since free moisture constituted 
only a relatively small portion of the sample. The salt con-
tents of the serum in the microportion ranged from 9.5 to 
17.6 percent before printing and from 4.3 to 16.6 percent 
after printing; the variances of the salt contents were 
5.2894 and 12.0938, respectively. 
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With churnings 8, 15, 16 and 17 only a few small mois-
ture droplets appeared on the cut surfaces, and the salt 
distribution was relatively uniform. The percentages of 
salt in the microportions ranged from 0.94 to 1.80, from 
2.89 to 3.18, from 2.17 to 2.92 and from 2.03 to 2.59, 
respectively; the variances of the salt contents were 0.0474, 
0.0116, 0.0527 and 0.0200, respectively. The moisture 
distribution was not as uniform as in butter having the 
moisture thoroughly incorporated. The percentages of mois-
ture in the microportions ranged from 13.4 to 16.1, from 
14.0 to 18.2, from 14.0 to 17.6 and from 14.5 to 22.7, re-
spectively; the variances of the moisture contents wel'e 
0.8334, 1.4268, 1.4182 and 5.6672, respectively. The salt 
in the serum varied more than in butter having the moisture 
thoroughly incorporated. The percentages of salt in the 
serum of the microportions ranged from 5.7 to 10.2, from 
14.0 to 18.2, from 11.2 to 14.2 and from 9.0 to 14.7, respec-
tively; the variances of the salt contents were 1.4360, 
1.4644, 0.9533 and 2.55,21, respectively. 
Churnings 9, 11, 12, 13 and 18 showed numerous small 
water droplets, but the salt distribution was relatively 
uniform. The percentages of salt in the microportions 
ranged from 0.55 to 1.03, from 1.97 to 2.49, from 2.21 to 
2,63, from 2.77 to 4.05 and ,from 2.11 to 2.43, respectively; 
the variances of the salt contents were 0.0172, 0.0221, 
0.0211, 0.1411 and 0.0100, respectively. The moisture dis-
tribution definitely was not as uniform as in the more 
thoroughly worked butter. The percentages of moisture 
in the microportions ranged from 9.5 to 13.4; from 13.3 
to 15.9, from 13.5 to 19.4, from 14.7 to 22.2 and from 14.3 
to 24.8, respectively; the variances of the moisture contents 
were 1.2271, 0.7400, 3.1588, 3.5899 and 9.7560, respectively. 
In general, the distribution of salt in the serum was not as 
uniform as in butter having the moisture thoroughly in-
corporated. With some churnings the variation in the salt 
contents of the microportions was relatively large. The 
percentages of the salt in the serum of the microportions 
ranged from 5.2 to 7.1, from 11.5 to 15.8, from 11.0 to 
15.9, from 13.5 to 16.6 and from 7.9 to 14.3, respectively; 
the variances of the salt, contents were 0.4382, 1.5394, 
2.2418, 1.0468 and 5.3268, respectively. 
With the two methods of salting the butter, no significant 
differences were noted in the distribution of salt. With 
either one or two additions of water there was considerable 
variation in the moisture distribution but on the basis of 
the limited number of trials the variances tended to be 
greater with the two additions. 
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BUTTER WITH ABNORMAL FLAVORS 
The distribution of salt and moisture in butter that had 
developed· abnormal flavors in commercial channels was 
investigated with samples from various sources. Table 8 
presents data on four churnings of putrid butter and four 
churnings that were definitely defective but not typically 
putrid. 
With most of the churnings the salt distribution was 
relatively uniform, whereas the moisture distribution varied 
considerably. With churnings 1 and 2 the pronounced putrid 
defect was attributed at the plant to faulty pasteurization 
of the cream; attempts were made to flash pasteurize with-
out adequate control of the temperature, due to a break-
down in the automatic temperature control equipment, and 
also without adequate steam pressure. Both churnings 
showed a considerable number of large water droplets; on 
the macrobasis the butter from churning 1 contained only 
1.55 percent salt, or 9.43 percent salt in the serum, which 
usually is considered to be less than the minimum necessary 
to inhibit bacterial action in butter. The salt contents of 
the microportions varied from 1.06 to 1.72 percent. With 
churning 2 the salt contents varied from 2.01 to 3.12 per-
cent. The variances of the salt contents were 0.0557 and 
0.1061, respectively. With both churnings the moisture was 
not very uniformly distributed. The moisture contents of 
the microportions varied from 10.9 to 17.5 percent and 
from 11.9 to 20.8 percent, respectively, and the variances 
of the moisture contents were 5.6966 and 6.1907, respec-
tively. With churning 1 the salt contents of the serum in 
the microportions were rather uniform; the values ranged 
from 8.4 to 9.6 percent, and the variance of the salt con-
tents was 0.1884. With churning 2 the salt contents of the 
serum in the microportions varied from 13.0 to 17.2 percent, 
and the variance of the salt contents was 1.3254. 
With churnings 3, 6 and 8 the salt was rather uniformly 
distributed in the butter. However, when the salt contents 
were calculated on the serum basis, the serum in one or 
more microportions from each of the churnings contained 
less than 10.0 percent salt. The percentages of salt in the 
microportions ranged from 1.95 to 3.92, from 1.53 to 2.15 
and from 1.40 to 2.43, respectively, while the variances of 
the salt contents were 0.3218, 0.0281 and 0.0775, respec-
tively. The percentages of moisture in the microportions 
varied from 11.1 to 22.7, from 10.1 to 21.1 and from 12.8 
to 22.7, respectively. and the variances of the moisture 
contents' were 11.4738, 11.8334 and 7.0351, respectively. 
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The salt contents of the serum in the microportions varied 
from 8.8 to 26.1 percent, from 6.8 to 14.8 percent and from 
9.6 to 11.9 percent, respectively; the variances of the salt 
contents were 20.2023, 5.9512 and 0.4938, respectively. 
With churnings 4, 5 and 7 the salt distribQ.tion also 
was relatively uniform. The percentages of salt in the 
microportions ranged from 2.01 to 2.41, from 1.79 to 2.36 
and from 1.79 to 2.82, respectively, and the variances of 
the salt contents were 0.0182, 0.0308 and 0.0782, respec-
tively. The moisture distribution was somewhat more uni-
form than with some of the other churnings of defective 
butter. The moisture contents of the microportions varied 
from 12.8 to 16.8 percent, from 11.6 to 18.2 percent and 
from 11.1 to 19.4 percent, respectively; the variances of 
the moisture contents were -1.2018, 3.9307 and 6.2623, re-
spectively. The salt contents of the serum in the micro-
portions were relatively uniform; the percentages ranged 
from 12.2 to 13.9, from 11.5 to 14.9 and from 11.3 to 13.9, 
respectively, and the variances of the salt contents were 
0.3218, 1.0289 and 0.6099, respectively. 
SALT CONTENTS OF LARGE MOISTURE DROPLETS 
APPEARING ON CUT SURFACES OF nUTTER 
Salt contents were determined on moisture droplets that 
appeared on freshly cut surfaces of commercial butter in 
which the moisture was poorly incorporated. Table 9 pre-
sents data on three churnings of normal butter and one 
churning of butter that had developed a putrid defect. 
Churning 1 was normal butter, and the moisture appeared 
to be fairly well incorporated, except for a few small drop-
lets appearing in localized areas. The salt contents of the 
moisture droplets varied considerably, with the percentages 
of salt in 10 moisture droplets ranging from 0.4 to 20.6. 
Since some of the water droplets contained such small 
amounts of salt, a portion of the free moisture may have 
been added to the butter during the packaging process. 
Churnings 2 and 3 were normal butter in -which the 
water necessary to standardize the composition was added 
in two equal lots during the working. The salt contents of 
the moisture droplets varied considerably. With churning 
2 the salt contents of 10 moisture droplets varied from 12.3 
to 20.1 percent, while with churning 3 the salt contents of 
five moisture droplets ranged from 5.1 to 16.9 percent. 
Churning 4 was butter that had developed a pronounced 
putrid defect. Although the salt contents of the serum were 
relatively low, the salt was very unifo~ly distributed in 
the moisture droplets; the percentages of salt in -six mois-
ture droplets ranged from 8.9 to 9.6. 
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EFFECT OF SALT DISTRIBUTION ON BACTERIAL 
. ACTION IN BUTTER 
Since the trials often involved inoculation of the cream 
with an organism capable of causing deterioration in butter, 
the effect of salt distribution on bacterial action was studied 
with small laboratory churnings. Various investigations 
have shown that the moisture dispersion is an important 
factor in the growth of organisms in butter and, accord-
ingly, an effort was made to control the .moisture distribu-
tion by working all the lots in a series, except the poorly 
worked, unsalted butter, the same period. The distribution 
of salt was determined by the time at which the salt was 
added during the working. In butter having the salt well 
distributed, the salt was added at the beginning of the 
working and the working continued until the butter was 
dry, while in butter having the salt poorly distributed the 
salt was added when the working was partially complete 
and the butter then worked to dryness. The butter was 
held at 15.5°C.; 1.5 percent salt was added to each of the 
salted samples. 
CHANGES IN NUMBERS OF ORGANISMS IN BUTTER 
. The effect of salt and moisture distribution on the 
changes in numbers of organisms in butter was studied by 
making plate counts on six churnings. Pasteurized cream 
was inoculated immediately before churning with 0.3 per-
cent of a milk culture of an organism as follows: Churning 
1, Pseudomonas tragi; churning 2, an unidentified Micro-
coccus; churning 3, Achromobacter lipolyticum; churning 
4, Mycotorula lipolytica and churnings 5 and 6, Pseudomonas 
putretaciens. Churnings 1, 2, 3, 5 and 6 each included two 
salted and· two unsalted samples of butter, while churning 
4 included three salted and one unsalted sample. Plate 
counts were made at intervals of 4 days over' a period of 
16 days. The results on four of the churnings are presented 
in table 10. 
In general, salt retarded the growth of organisms in the 
butter, the counts consistently being higher in unsalted 
than in salted butter. With churning 1 the butter having 
the salt well distributed showed a decrease in numbers of. 
organisms during holding, while the butter having the salt 
poorly distributed showed a small increase at'4 days follow-
ed by a decrease during the remainder of the holding. In 
the well worked, unsalted butter an increase in numbers of 
organisms occurred at 4 days, followed by little or no change 
during the remainder of the holding, whereas in the poorly 
worked, unsalted butter relatively large increases occurred 
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Fig, 1, F.ffect 1)( ""It anrl mnisture diRtribution on cbanltes in numbers of organisms 
in butter. 
at 4, 8 and 12 days, with no further significant change at 
16 days. The data on churning 1 are also presented in 
fig. 1. 
With churning 2 the butter having the salt well distri-
buted increased in numbers of organisms at 12 and 16 days, 
while the butter having the salt poorly distributed showed 
a large increase at 4 days with little further change during 
the remainder of the holding. The samples of unsalted 
butter showed large increases in numbers of organisms 
at 4 days, a smaller increase at 8 days and a decrease later, 
the larger increase occurring in the poorly worked butter. 
With churning 3 the butter in which the salt was well 
distributed decreased in numbers of organisms during hold-
ing, while the butter in which the salt was poorly distributed 
increased at 4 and 8 days, with no further change during 
the remainder of the holding. In the well-worked, unsalted 
butter, increases in numbers of organisms occurred at 4 
and 8 days, followed by little or no change during the 
remaindQr of the holding; in the poorly .worked, unsalted 
butter a large increase occurred, followed by a decrease, 
the maximum count being obtained at 4 days. 
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In churning 4 there were three samples of salted butter 
and one sample of unsalted butter. With sample 1 the salt 
was well distributed, with sample 2 it was added when the 
working was about half complete and the butter then 
worked to dryness, while with sample 3 it was added at the 
beginning of the working and the working discontinued 
when the moisture was still poorly incorporated. Sample 1, 
in which the salt was well distributed, showed no significant 
change in numbers of organisms during the holding, while 
bacteria increased in numbers in both samples having the 
salt poorly distributed, the larger increase occurring with 
sample 3. In sample 2 increases were noted at 4 and 12 
days, followed by a decrease at 16 days, while in sample 3 
increases occurred during the entire holding period. In the 
poorly worked, unsalted butter increases in numbers of 
organisms were noted at 4, 8 and 12 days, followed by a 
decrease at 16 days. 
Data on churnings 5 and 6, in which the cream was 
inoculated with Pseudomonas putrefaciens, are not included 
in table 10. Most investigators who have worked with this 
species recognize the difficulties encountered in determining 
the numbers by the plate method or any other procedure, 
and since the counts that were obtained may be misleading 
they are not given. However, the data indicate that in the 
salted butter only a very few organisms were present, while 
the unsalted butter contained very large numbers. The 
maximum counts on unsalted butter were obtained at 4 or 
8 days, after which there was a rapid decrease in numbers 
of organisms. 
DISTRIBUTION OF ORGANISMS IN SALTED BUTTER 
The effect of the distribution of salt on the number and 
distribution of organisms in butter was studied with an 
adaptation of the Burri smear culture technique (15) in 
which 20 portions of butter from each sample were smeared 
on beef infusion agar slopes. Also in order to study the 
numbers of organisms in large moisture droplets appearing 
on the freshly cut surfaces of butter in which the moisture 
was poorly incorporated, one portion from each of 10 mois-
ture droplets was removed with a small wire loop and 
smeared on an agar slope. The studies included six experi-
'mental churnings, and one commercial churning. With 
each of the experimental churnings two sa~ples. of .salted 
butter were prepared, one having the salt well dIstrIbuted 
and the other having the salt poorly distributed. With five 
of these churnings the agar slopes were prepared after the 
flavor defect had developed in one of the samples from 
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each churning; with the remaining churning, since no flavor 
defect developed in either sample, the slopes were prepared 
after holding the butter for 5 days. The slopes were in-
cubated at 21 'C. fpr 4 days. 
In general, the agar slopes prepared from butter with 
the salt well distributed developed fewer colonies than those 
from butter with the salt poorly distributed. With one 
churning a culture of Achromobacter lipolyticurn was added 
to the pasteuri'zed cream immediately before churning and 
with another a culture of Pseudomonas p1lirejaciens was 
added. In each of these churnings the butter having the 
salt well distributed did not develop off flavors, while that 
having the salt poorly distributed did. With one churning 
a culture of Pseudomonas putrejaciens was added to the 
water used to wash the butter. Neither sample from this 
churning developed an off flavor during holding. With the 
three other churnings the butter having the salt well dis-
tributed and also that having the salt poorly distributed 
produc;ed very few colonies on the slopes prepared with 
portions of the butter, a large percentage of the slopes 
showing no colonies; only one slope contained more than 
four colonies. The slopes prepared from the moisture drop-
lets showed nO growth of organisms. 
In three churnings cultures of Pseudomonas putrefaciens 
were added to the butter during the working. With each 
. churning the butter having the salt well distributed did 
not develop off flavors, while that having the salt poorly 
distributed developed a putrid defect. With the three 
churnings, slopes prepared from butter with the salt well 
distributed showed very few colonies, a large percentage of 
the slopes showing no colonies; only one slope showed more 
than seven colonies. Slopes prepared from butter with the 
salt poorly distributed showed much larger numbers of 
colonies and the distribution of the organisms was irregular; 
a few slopes had no colonies, while two slopes had so many 
that the numbers could not be estimated. Slopes prepared 
from the moisture droplets showed a very irregular distri-
bution of organisms; some slopes had no colonies while on 
four slopes the numbers were too large to estimate. 
The one churning of commercial butter contained only 
0.65 percent salt (macromethod), and the butter developed 
a putrid flavor. The slopes prepared from both the butter 
and moisture droplets indicated that extensive growth of 
organisms had occurred. All of them showed colonies and 
a large percentage showed numbers of colonies that were 
too large to estimate. 
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CHANGES IN pH OF BUTTER SERUM 
The effect of salt and moisture distribution on changes 
in pH of butter serum was studied with butter made from 
pasteurized cream inoculated immediately before churning 
with lactic acid-producing streptococci. In churnings 1, 2, 
3 and 4 the cream was inoculated with a butter culture and 
in churning 5 with a milk culture of Streptococcus diaceti-
lactis. Churnings 1, 3, 4 and 5 each included two salted 
and two unsalted samples of butter, and churning 2 included 
. three salted and one unsalted sample. pH determinations 
were made on the butter serum at intervals of 4 day~. Data 
on the five churnings are given in table 11. 
Addition of salt to butter lowered the. pH of the serum, 
the decrease being approximately 0.3 'to 0.5 of a pH unit. 
In general salt· retarded the production of acid in butter, 
the decrease in pH of the serum consistently being larger 
in unsalted than in salted butter. With churning 1 there 
were. no significant differences in pH of the serum between 
butter with good and with poor salt distribution; a slight 
increase in pH occurred with both samples, the pH values 
increasing from 6.00 to 6.19 and from 6.00 to 6.14, respec-
tively. In the unsalted butter large decreases in pH occurred, 
the larger decrease being in the poorly worked butter; the 
nH decreased from 6.31 to 5.70 in the thoroughly worked 
butter and from 6.31 to 5.18 in the poorly worked butter. 
With churning 2 there were small decreases in the' pH 
of the serum of the salted butter, the larger decrease 
occurring with the salt poorly distributed: In the samples 
having good, fair and poor distribution of salt, the pH 
decreased from 6.36 to 6.25, from 6.36 to 6.23 and from 
6.35 to 6.09, respectively. In the unsalted butter· only a 
small decrease in pH occurred, from 6.90 to 6.63. 
With churning 3 there was no significant change in the 
pH of serum of the butter with the salt well distributed .. 
However, with the salt poorly distributed there was a small 
decrease in pH, from 6.08 to 5.82. In both the thoroughly 
worked and poorly worked unsalted butter there were large 
decreases in the pH, the larger decrease occurring with the 
poorly worked butter; the pH values decreased from 6.57 
to 5.71 and from 6.55 to 4.83, respectively. The data on 
churning 3 are also presented in fig. 2. 
With churning 4 there were no significant changes in 
the pH of the serum of the salted butter, while small 
decreases occurred with the unsalted butter. The pH value 
decreased from 5.57 to 5.41 in the thoroughly worked un-
salted butter and from 5.88 to 5.70 in the poorly worked 
unsalted butter. 
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With churning 5, in which the cream was inoculated with 
Streptococcus diacetilactis, there was a small decrease in 
the pH of the serum of the butter with the salt well dis-
tributed, from 5.98 to 5.85; in the butter with the salt 
poorly distributed a larger decrease occurred, from 5.88 
to 5.53. In the unsalted butter there were large decreases 
in the pH followed by increases. In the thoroughly worked 
unsalted butter the pH decreased from 6.25 to 5.12 at 8 
daYR and then increased to 5.70 at 12 days, with no further 
change at 16 days, while for the poorly worked unsalted 
butter the pH decreased from 6.19 to 4.91 at 8 days and 
then increased to 5.20 at 12 days, with no further change 
at 16 days. 
Serum from a number of the churnings was examined 
microscopically. With butter having the salt well dis-
tributed very few bacterial cells were observed, and these 
appeared singly or in pairs, while with butter having the 
salt poorly distributed somewhat larger numbers of cells, 
including a few short chains, were observed. With the 
unsalted butter large numbers of bacterial cells were pres-
ent, and they often appeared in very long chains, the 
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largest number of cells and longest chains occurring with 
the poorly worked butter. 
CHANGES IN ACIDITY OF FAT OF BUTTER 
, The effect of salt and moisture distribution on changes 
in acidity of fat was studied with experimental butter 
made from cream inoculated immediately before churning 
with lipolytic organisms. From each of the churnings two 
samples of salted butter were prepared, one having the 
salt well distributed and the other having the salt poorly 
distributed. In churnings 1, 2 and 3 the cream was in-
oculated with milk cultures of Pseudomonas fluorescens 
and in churnings 4, 5 and 6 milk cultures of Mycotorula 
lipolytica were employed. Fat acidities were determined 
at intervals of 4 days over a period of 16 days. Results 
on six churnings are presented in table 12. 
The acid numbers of the fat of the butter incre'ased 
during the holding, the larger increases occurring in butter 
in which the salt was poorly distributed. The cream for 
churning 1 was slightly rancid which accounts for the 
relatively high initial acid number of 5.3. In the churnings 
made from cream inoculated with Pseudomonas fluorescens, 
the acid numbers were comparatively low. With butter 
having the salt thoroughly distributed the acid numbers 
increased from 5.3 to 8.0 for churning 1, from 1.8 to 4.9 
for churning 2 and from 1.6 to 8.8 for churning 3, while 
with butter having the salt poorly distributed the acid 
numbers increased from 5.3 to 9.0, from 1.8 to 5.7 and 
from 1.6 to 10.6, respectively. In the churnings made from 
cream 'inoculated with Mycotorula lipolytica the increases 
in the acid numbers were relatively large. With chui-nings 
4, 5 and 6 the acid numbers of the fat of butter having the 
salt thoroughly distributed increased from 1.5 to 58.0, 
from 1.7 to 19.5 and from 1.5 to 14.6, respectively, while 
in butter'having the salt poorly distributed the acid numbers 
increased from 1.5 to 67.3, from 1.7 to 29.8 and from 1.5 
to 20.5, respectively. 
DEVELOPMENT OF DEFECTS IN BUTTER 
The effect of salt and moisture distribution on the de-
velopment of defects in butter was studied by examining 
the butter frequently for the defect expected on the basis 
of the organism inoculated into the pasteurized cream, the 
wash water or the butter. 
WITH ORGANISMS ADDED TO CREAM 
Eleven churnings of butter were made from pasteurized 
cream inoculated immediately before churning with a milk 
culture of an organism capable of producing a defect in 
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butter; except churning 7, with which only 0.06 percent 
inoculum was used, 0.3 percent of the culture was added. 
The organisms employed were: Churning 1, Pseudomonas 
jragi; churnings 2, 3 and 7, Mycotm'ulci lipolytica; churn-
ings 4, 5, 8 and 9, Pseudomonas putrejaciens; churning 5, 
Achromobacter lipolyticwm,' churning 10, Pseudomonas 
putrejaciens and Aerobacter aerogenes; and churning 11, 
Pseudomonas putrejaciens and Escherichia coli. From each 
churning two salted and two unsalted samples of butter 
were prepared.. Results on the 11 churnings are presented 
in table 13. 
In butter with the salt well distributed flavor defects 
developed in only two churnings, while in butter with the 
salt poorly distributed defects developed in eight churnings. 
In the unsalted butter all except one churning developed 
defects, the defects commonly appearing sooner in the poorly 
worked than in the thoroughly worked butter., Usually the 
flavor defects were more pronounced in the unsalted than 
in the salted butter. 
In churnings 2 and 3 all the butter was ra.ncid in 1 day. 
In churnings 4 and 11 about the same period was required 
for the development of the defects in butter with the salt 
poorly distributed and in unsalted butter that was thoroughly 
worked, while in churnings 5, 6 and 7 a longer period was 
required for the development' of the defects in butter with 
the salt poorly distributed than in unsalted butter that was 
thoroughly worked. In churning 9 butter with the salt 
poorly distributed and unsalted butter that was poorly 
worked developed abnormal flavors, while butter with the 
sa]t well distributed and unsalted butter that was thoroughly 
worked did not. 
WITH ORGANISMS ADDED TO CREAM AND WASH WATER 
In six comparisons the effect of salt and moisture dis-
tribution on the development of flavor defects was studied 
when Pseudomonas put1'ejaciens was added to the cream 
used for butter and also when it was added to the water 
used to wash butter. Each lot of cream was divided into 
two parts; with one part 0.3 percent of a milk culture of 
Pseudomonas putrejaciens was added to the cream immedi.: 
ately before churning and with the other part 10 mI. of 
the milk culture was added to 1 liter of butter wash water. 
Two salted and, two unsalted samples of butter were pre-
pared from each churning. Table 14 presents data on the 
churnings. 
With the salt well distributed, defects did not develop 
during holding with either butter made from inoculated 
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cream or that washed with contaminated water. With the 
salt poorly distributed, defects developed in three samples 
made from inoculated cream, whereas defects did not de-
velop in butter washed with contaminated water. In the 
thoroughly worked, unsalted butter, defects developed in 
eight churnings, whereas in the poorly worked, unsalted 
butter they developed in all 12 churnings; the defects 
appeared sooner in the poorly worked butter. In the un-
salted butter the defects which developed were more typ-
ically putrid than in the salted butter. . 
With churnings 2 and 6 a defect developed in butter with 
. the salt poorly distributed before it did in unsalted butter 
that was thoroughly worked. In churning 1 butter with 
the salt poorly distributed and unsalted butter that was 
poorly worked developed defects, whereas the butter with 
the salt well distributed ana the unsalted butter that was 
thoroughly worked did not. 
WITH ORGANISMS WORKED INTO BUTTER 
Ten churnmgs of butter were made from pasteurized 
cream, and before working each lot of butter was divided 
into 200 g. portions; churnings 1 and. 2 each contained 
eight samples, while the remaining churnings each con-
tained six. Except for churning 3, in which an unidentified, 
proteolytic, gram-negative rod was used, a milk culture of 
Pseudomonas putrefaciens was added to the butter early 
in the working. Sample 1 in each churning was butter 
having the salt well distributed and to which no organism 
was added. Sample 2 in each churning was unsalted butter to 
which 0.5 ml. of a milk culture of an organism was added. 
The remaining samples in each churning were salted and 
were divided into pairs; in one sample from each pair the 
salt was well distributed while in the other it was poorly 
distributed. To each sample in a pair an equal amount of 
a culture of an organism was worked into the butter. All 
samples of butter were thoroughly worl{ed, and at the com-
pletion of working the moisture appeared to be well in-
corporated. The data on the 10 churnings are presented 
in table 15 . 
. In the butter to which organisms were not added, flavor 
defects did not appear in any of the churnings, while in the 
unsalted butter from each churning to which 0.5 ml. of a 
milk culture of an organism was added, a ·putrid defect 
developed. In churning 2 none of the samples of salted 
butter to which an organism was added developed a putrid 
defect during holding. 
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In churnings 3, 6 and 8 the samples with the salt well 
distributed did not develop a defect, and those with the salt 
poorly distributed showed a defect only in the sample from 
each churning receiving the largest amount of inoculum. 
In churnings 1, 5 and 7 the samples with the salt well 
distributed did not develop a defect, while those with the 
salt poorly distributed did. In churning 1, butter receiv-
ing 1 ml. of inoculum developed a defect sooner, and the 
defect was more intense than with butter receiving 3 ml. 
of inoculum; in butter receiving 0.5 mI. of inoculum the 
defect was only slight. In churnings 5 ~nd 7 the putrid 
defect appeared first in the butter receiving the largest 
amount of inoculum. 
In churning 4 the butter with the salt well distributed 
did not show a defect when 1 ml. of inoculum was added, 
whereas a slight defect developed in 9 days with 3 ml. of 
inoculum. In the butter with the salt poorly distributed a 
defect did not develop when 1 mI. of inoculum was added, 
while a putrid flavor developed in 6 days with 3 ml. of 
inoculum. 
In churnings 9 and 10 butter with the salt well distrib-
uted developed a defect only with 3 mI. of inoculum. When 
the salt was poorly distributed a defect developed in both 
samples from each churning, the defect being more intense 
with 3 ml. of inoculum than with 1 mI. 
REWORKING OF nUTTER 
Four samples of butter from each of churnings 1, 3, 4, 
5, 6, 7 and 8 (table 15) were reworked after approximately 
5 days. The butter ~as cooled to approximately 4°C., and 
half of each sample. was passed twice through a small 
Universal food chopper. Before reworking each sample 
the food chopper was placed in boiling water for a few 
minutes and then cooled bY' pouring cold, sterile water 
over "it. The butter was again held at 15.5'C.' The data 
are included in table 15. 
With some samples of butter reworking seemed to have 
no effect on the keeping quality, with others reworking 
tended to produce or increase a defect, while with still others 
reworking tended to decrease the intensity of the defect. 
In churning 8 reworking of the butter did not affect 
the keeping quality. In churnings 1, 3, 4 and 6 reworking 
of -butter with the salt poorly distributed tended to favor 
the development of a defect, while in churnings 5 and 7 
reworking of butter containing 1 mI. of inoculum tended 
to inhibit the development of a defect. 
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DISCUSSION 
A reasonable degree of accuracy was obtained in deter-
mining both the salt and the moisture contents of micro-
portions of butter. Since butter is not a homogeneous mass, 
the results of microanalyses may not be representative of 
a churning and are of value primarily in the study of the 
composition of butter on a micro basis; they are particularly 
significant in studying the effect of salt and moisture dis-
tribution on bacterial action in butter. 
Moisture in butter is present in droplets of various sizes, 
the number and size of the droplets depending in a large 
degree upon the extent of the working under suitable con-
ditions. As the working continues, the moisture is divided 
into smaller and smaller droplets, resulting in more and 
more thorough incorporation in the butter. Since the salt 
normally is largely dissolved in the water, the distribution 
of the salt depends to a great extent on the incorporation 
of the brine during the working. 
General observations indicate that the number and the 
size of moisture droplets present in commercial butter vary 
greatly with different churnings. The data on the micro-
portions of butter show that distribution of salt and mois-
ture on the microbasis also varies considerably. In butter 
having the moisture poorly incorporated, the variation in 
the salt and moisture distribution probably is even greater 
than the data suggest, since in picking the .microportion a 
special effort was made to choose areas- with no large 
moisture droplets, since these often contain relatively high 
or low concentrations of salt. The large droplets could not 
be included in the microportions, because often they were 
larger than the 0.2 mg. sample of butter. 
It is commonly recognized that butter printed with 
equipment which tends to rework it sometimes shows con-
spicuous bacterial deteriorations, while unprinted butter 
from the s'ame churning shows little or no deterioration. 
Although significant differences in the salt distribution 
before and after printing were not noted, the moisture 
was less thoroughly incorporated in butter after printing 
than before. It should be emphasized again that the large 
moisture droplets were not included when picking' the 
microportions for the salt determinations, and this may 
partially explain why no larger variations were obtained 
in the salt contents of the microportions picked from the 
printed butter. Deterioration of printed butter may be 
due largely to aggregation of the moisture and the nutrients 
in it into large infected droplets and to a redistribution of 
organisms to previously uninfected moisture droplets' (14). 
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Very probably salted butter contains some microscopic 
water droplets that have little or no salt in them. An 
approximately 0.2 mg. sample of butter includes so many 
water droplets that there may be some droplets containing 
no salt without the salt content of the entire sample being 
appreciably reduced. The ideal type of analysis for various 
bacteriological studies on butter would be one permitting 
determinations of the salt contents of individual water 
droplets .. 
Various factors in the butter manufacturing procedure 
undoubtedly are important in obtaining a uniform distribu-
tion of salt and moisture, but probably the most important 
single factor is the period the butter is worked under suit-
able conditions after the addition of salt and water. Al-
though the early addition of salt to the granules should 
favor its distribution in the butter, the data obtained with 
butter saIted on the granules and in the roll are not con-
sistently in favor of either method. Presumably other 
factors may affect the distribution of the salt to a greater 
extent than the relatively small difference in the time at 
which the salt was added. Moisture added late in the work-
ing undoubtedly cannot be well dispersed in the butter and 
much of it may have a relatively low salt content. 
The distribution of salt and the incorporation of mois-
ture in butter are very closely related. When salt is added 
to butter it apparently first is largely held in a relatively 
small portion of the moi~ture. As working of the butter 
progresses, the brine solution is divided into smaller and 
smaller droplets. Presumably there is a mixing of the 
droplets containing a relatively high salt content with 
other droplets containing little or no salt, and in this way 
the salt contents of the various water droplets tend to 
equalize. During the holding of butter having the salt 
poorly distributed through. the moisture, there may be a 
movement of water droplets containing little or no salt to 
other droplets containing relatively large amounts. With 
butter having the brine thoroughly incorporated, a rela-
tively complete mixing of the brine and water phases will 
have occurred, and there will be comparatively little tend-
aney for moisture to migrate, whereas with butter having 
the salt poorly incorporated the salt will be held in a rela-
tively small portion of the moisture, and there may be a 
greater tendency for the moisture to migrate and form 
large water droplets. With butter having the salt very 
poorly distributed the color may be uneven as a result of 
the irregular dispersion of salt and water. 
The data indicate that even in thoroughly worked, salted 
butter relatively large moisture droplets which contain little 
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or no salt may be present. In butter having the moisture 
thoroughly incorporated, the moisture probably does not 
migrate as readily as in butter having the moisture poorly 
incorporated; therefore water added to butter very late 
in the working process probably will contain less salt than 
the other water in the butter. In certain instances moisture 
droplets may be added to the butter from the packaging 
equipment, while in others, droplets may originate from 
'water added very late in the working process in connection 
with the standardization of the composition. 
Although the incorporation of moisture in salted butter 
undoubtedly has an effect on the bacterial action, it is 
somewhat different from the effect in unsalted butter (13). 
In ,unsalted butter held at favorable temperatures bacterial 
growth presumably occurs in the water droplets infected 
with organisms that grow well with milk solids as nutrients. 
The nutrients available to the bacteria are those included 
only in the infected water droplets, consequently large water 
droplets should support more growth than small ones. 
Decreasing the size of the droplets by increased working 
of the butter also decreases the nutrients available to the 
bacteria. Accordingly, the more thoroughly the moisture' 
is dispersed in unsalted butter the greater will' be the 
retarding effect on bacterial action. 
In salted butter the large moisture droplets often con-
tain enough salt to prevent the growth of most bacteria. 
However, if the salt is poorly distributed the butter prob-
ably can contain relatively large moisture droplets having 
little or no salt, and in these there may be sufficient bac-
terial growth to produce a defect in the butter. Also, there 
apparently are more or less salt-tolerant organisms that 
can grow and produce defects in salted butter. As in 
unsalted butter, increased working tends to prevent bac-
terial action due to the finer dispersion of moisture with 
the nutrients in it and, in addition, a better distribution 
of the salt. 
o It is logical to assume that moisture droplets included 
in the butter granules during the churning process are 
practically free of salt. This relationship is suggested by 
the fact that when organisms causing defects in butter 
were added to the wash water no defects were produced 
in the butter in which the salt was either well distributed 
or poorly distributed, whereas when organisms were added 
to the cream, defects often appeared, especially in the butter 
in which the salt was poorly distributed. 
While the methods of manufacturing butter should be 
such that the harmful bacteria in cream are killed and 
any serious contamination of the pasteurized cream or 
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butter prevented, the thorough distribution of salt and 
moisture in the manufacture of butter should be regarded 
as a precautionary measure against defects caused by 
bacterial action. 
TABLE 1. SALT DISTRIBUTION IN NORMAL COMMERCIAL BUTTER . 
.. ' 
Churn- H,O % NaCl, I % NaCl in' microportion no. Variance 
ing Remark. distribution macro~ .---------1--------------------- of Nael 
no. in butter method 1 2 1 __ 3 ___ 4 ___ 5 ___ 6 ___ 7 ___ 8 ___ 9 __ 1_0_ values 
-----
1 ............................ Very good 2.53 2.4.0 2.21 2.27 2,48 2.53 2.26 2.48 2.46 2.65 2.68 0.0255 
2 ............................ Very good 2.55 2.48 2.63 2.36 2.30 2.42 2.40 2.55 2.67 2.53 2.68 0.0176 
3 ............................ Good 2.35 2.50 1.77 2.1S 1.83 2.14 2.17 2.09 1. 90 1.92 1.9g 0.0461 
4 ............................ Good 2.20 1.77 1.94 1.9. 2.22 1.81 1.77 4.11 1.98 2.11 1.81 0.4975 
---------2.0612.39 ------------5 Printed butter ........•..... Fair 1.93 2.09 2.27 2.27 1.89 2.30 2.01 2.31 '1.87 0.0346 6 Slightly mottled ............. Fair 2.21 2.46 2.26 2.36 2.3  2.17 2.19 3.26 2.05 2.0. 2.28 0.1206 
7 Printed butter. . . . . . . . . .. .. Fair 2.43 2.47 1.73 1.59 1.47 2.44 l.IH 2.13 1.80 2.16 2.19 0.1410 
8 ............................ Fair 2.55 2.61 2.06 2.22 2.29 2.61 2.94 2.45 3.52 2.39 2.00 0 .. 2042 
------
9 ........................... Poor. 2.0,1 0,90 1.40 L17 1.21 1.90 0.80 1.53 1.64 0.70 1.22 0.1458 
10 ............................ l'oor 2.18 2.54 2.62 1. 74 2.37 2.02 ' 2.19 2.58 3.42 3.17 2.97 0.2690 
11 ............................ Poor 2,35 2.20 2.16 2.48 2.19 2,79 3.26 3.01 2,97 2.13 1.68 . 0,2503 
~ 
C!:I 
1~ ............................ Very poor 1. 74 1.24 1.48 2.16 1.69 4.32 1.86 2.82 1.99 1.82 2.16 0.7628 
------------------------
13 
. i '~dd;ti~~'~fH20::::::::::: Very poor 2.10 3,49 2.07 4.05 1.87 2.77 2,32 3.80 2.64 3.46 2.44 0.5751 14 Very good 2.10 1.97 2.11 1.94 2.16 2.17 2.33 2.37 2.13 2.18 2.16 0.0179 
15 2 additions of H20 ........... Very good 2.00 1.89 2.28 1.83 2.27 2.37 2.38 2,10 2,07 2.18 2.12 0.0348 
16 3 additione of H20 .......... , Good 2,10 2.20 2.22 2.32 2.18 2.08 2.14 2.04 2.30 1.51 0.99 0.1780 
---------------------------
17 Salted ilUOl!.. ........... , .. Fair 1.85 2,03 3.60 1.91 1. 78 1.85 2,02 1. 73 1.80 1.91 1.90 0.3048 
18 SOlted in roll ...... , .... , , ... Good 2.01 2.27 2.06 1.77 2.00 1.62 1.83 2.03 1. 74 3,00 1.83 0.1553 
19 Salted in granules, ...... , ... Good 2,06 2.14 1.94 2.12 2.21 2,01 2.24 2.18 1.93 1. 76 2.22 0.0252. 
20 Salted in granules, . .. . ..... Very good 2.08 2,06 2.14 1.99 2.05 1.93 2.07 2.00 2.12 1.52 2.03 0,0312 
---------------------
21 S.lted in roll ............ , ... Good 1.90 lAO 1.63 1.97 2.32 1.58 2,41 2.04 2.47 1.71 1.54 0.1529 
,22 Salted in roll .... , , ..... , .... Good 2.00 2.23 2.13 2.10 2.15 1.96 2.19 2.07 2.35 1.90 2.18 0.0168 
23 Salted in granules ........... Fair 1.93 2.12 1.95 1.90 1.65 1.87 1.90 1.80 1.87 1. 70 2,36 0.0417 
24 Salted in grannies, .......... Good 2.05 2.59 1. 71 1.56 1.41 2.23 2.09 1.53 2.04 1.71 2,39 0.1599 
TABLE 2. SALT DISTRIBUTION IN NORMAL COMMEROIAL BUTTER BEFORE AND AFl'ER PRINTING. 
Churn- , H.O % NaCl, % N&ci in microportion no. Variance log Sample distribution macro- ------------------------------ or NaC! 
no. in butter method 2 3 4 5 6 7 8 9 10 values 
--------------- ---------------B" ..•.•.................... Very good 1.84 1.71 2.02 1.90 2.15 2.03 1.88 2.08 1.88 1.82 1.88 0.0175 
A ........................... Fair 1.77 1.96 2.15 1.71 2.50 1.71 1.61 2.26 1.88 1.96 2.81 0.1449 
---------------------------------2 I B .•.•...••••............... Good 2.04 2.44 2.10 2.0.0; 2.15 2.52 2.20 2.66 2.32 2.25 2.36 0.0377 
A .......................... Fair 2.40 2.03 2.29 2.41 1.52 2.32 1.50 2.29 2.02 1. 79 2.07 0.1071 
------------ ------------------
3 I B .......................... Good 2.76 2.02 2.04 2.41 2.17 2.18 2.21 3.09 2.44 2.26 2.37 0.0899 
A .......................... Very poor 2.58 2.43 2.53 2.98 2.49 2.68 3.35 2.89 2.21 2.83 2.87 0.1069 
------------------ ------------I B ............. : ............ 4 Fair 2.09 1.90 2.02 2.35 1.99 1.80 1.90 1.98 2.09 2.02 2.27 0.0283 
-:J A .......................... Poor 2.28 3.54 2.60 3.0! 2.32 2.55 2.05 3.30 2.54 3.80 2.43 0.3280 tI:oo 
------------------------ -:J 5 I B .......................... Fair 2.55 2.61 2.06 2.22 2.29 2.61 2.94 2.45 '3.52 2.39 2.00 0.2042 
A ..... : .................... Poor 2.56 2.77 2.52 2.52 1.94 2.28 1.93 3.76 2.55 3.23 2.59 0.3081 
------------------------------B .......................... Fair 2.65 3.27 3.50 2.57 :1.86 2.20 2.25 2.82 2.47 2.63 3.58 0.3516 
A .......................... Poor 2.58 2.49 2.39 2.89 2.63 2.50 2.80 2.03 2.08 2.25 2.35 0.0799 
--------------------------
---
7 I B .......................... Fair ....... 2.58 2.40 2.62 2.M 2.72 2.56 1.53 436 2.85 2.38 2.47 0.4889 
A .......................... Poor 2.36 2.66 2.44 2.41 2.00 1.89 2.5.5 2.06 2.46 2.25 1.95 0.075.5 
---------------------------
---
8 I B .......................... Poor 2.41 1.87 2.08 2.30 1.88 2.88 1.91 2.05 2.58 2.18 2.64 0.125.5 
A .......................... Poor 2.21 1.63 2.46 1.14 loGS 1.89 1.57 1.85 2.42 2.55 1.90 0.1313 
------------------
------------
9 I B .......................... Poor 2.53 2.48 1.92 2.48 2.58 2.52 2.04 2.05 3.06 3.69 2.90 0.2535 
A .......................... Very poor 2.39 2.40 2.53 2.38 2.20 2.37 1.98 3.76 2.11 2.32 2.26 0.2427 
• B-Berore printing; A-After printing. 
TABLE 3. SALT DISTRIBUTION IN BUTl'ER WORKED DIFFERENT AMOUNTS IN A COMMERCIAL CHURN. 
--- -- --
----
-- - - - --- ------- -------
Condition of butter 
Churn- Degree % NaCI. % NaCI in microportion no. 
ing Sample of H.Odis- macro- ------------------------------
no. no. working tribution Color method 1 
--- ------
I 1 Poor Very poor Streaked 0.41 2.02 
2 Moderate Poor Wavy 0.86 1.47 
3 Fin •• hed* Fair 2.30 3.25 
1 Poor Very poor Streaked 1.60 2.04 
2 2 Moderate Poor 2.15 1.49 
3 Finished" Fair 2.41 1. 79 
1 Poor Very poor Streaked 1.24 1.97 
3 2 Finished* Fair 2.25 1.98 
3 Tborought Very good 
-
2.22 1.97 
4 1 Poor Very poor Streaked 2.11 2.36 
2 Finished* Dry 2.30 2.42 
5 1 Poor Very poor Streaked 1.56 0.00 
2 Finished" Poor Mottled 2.22 2.15 
6 1 Moderate Fair 2.40 2.80 
2 Finished* Good 2.40 2.68 
* The working was considered complete from .. eommereial.tandpoint. 
t Working was continued by hand; butter was aticky. 
2 
---
0.00 
1.65 
2.11 
3.61 
3.18 
2.88 
0.34 
0.54 
2.06 
5.50 
1.46 
0.00 
1.31 
2.76 
2.23 
3 4 5 I) 7 8 9 10 
---------------------0.00 0.17 0.24 0.00 1.41 0.35 2.53 0.41 
1.26 1.47 0.59 0.67 1.12 0.00 0.31 0.53 
3.81 2.73 2.79 2.76 2.89 1.97 2.34 2.:13 
3.74 3.39 4.61 4.33 1.97 2.49 2.00 1.65 
1.69 2.73 4.01 3.17 5.83 2.31 2.37 2.18 
2.00 3.12 L71 1.93 2.38 1.39 2.62 2.12 
0.98' 0.31 1.26 1.24 0.47 0.36 1.64 1.30 
1.10 2.22 2.14 1.22 1.70 3.56 1.46 2.28 
2.12 1.95 2.11 2.06 2.22 1. 79 2.17 1.88 
2.48 4.78 3.70 3.37 2.04 1.91 2.94 3.07 
2.90 2.91 2.53 2.35 2.54 1.59 1.77 2.46 
3.11 5.25 4.02 0.49 2.64 0.45 1.18 0.16 
2.81 1.60 4.26 1.80 3.22 3.05 2.56 2.57 
3.23 2.33 2.83 2.43 2.69 2.63 2.38 2.38 
2.09 2.24 2.30 2.36 2.41 2.79 2.42 2.23 
Variance 
of NaCI 
values 
0.8625 
0.3150 
0.3126 
1.1661 
1. 6218 
O.29711 
0.3518 
0.6876 
0.0180 
1.3757 
0.2639 
3.5885 
0.7612 
0.0780 
0.0462 
-:t 
II>-
00 
TABLE 4. SALT DISTRIBUTION IN COMMERCIAL BUTTER WITH ABNORMAL FLAVORS. 
Churn- % NaCI. % NaC! in microllortion no. Variance 
I • ing Derect in butter macro. ------------------------------ of NaC! 
no. method 1 2 3 4 5 . 6 7 8 9 10 values 
------------------------
I Putrid .••.............................. 1.18 0.35 1.08 1.30 1.32 2.31 5.33 2.24 1.00 0.70 2.16 1.9990 
2 Putrid ................................. 1.40 . 0.86 0.84 0.52 1.25 2.02 3.18 1.62 3.82 1.27 1.57 1.1150 
3 Putrid ................................. 1.27 1.52 0.45 1.25 0.85 0.96 0.36 1.93 3.22 0.75 0.78 0.7272 
4 Putrid, mottled ......................... 2.41 1.82 1.45 1.11 0.50 0.00 2.30 1.21 0.34 0.30 1.97 0.6264 
5 Putrid, mottled ......................... 1. 76 0.34 1.16 1.35 0.47 1.58 1.12 0.23 0.38 1.42 0.15 0.3075 
6 Putrid ................................. 1.61 0.30 0.87 1.14 0.44 3.10 1.29 1.82 0.90 1.08 0.65 0.6547 
7 Putrid ... · .............................. .......... 1.96 1.36 1.84 1.87 1.94 4.28 2.31 1.44 1.55 2.00 0.6931 
~ 
CO 
8 Putrid ................................. .......... 1.95 0.89 1.50 2.55 1.60 1.38 3.26 1.79 2.68 1.43 0.5174 
9 Putrid ................................. .......... 2.12 1.14 1.49 1.27 1.85 1.23 1.51 1.99 1. 75 1.92 0.1200 
10 Putrid .................................. .......... 1.73 1.19 3.17 1.15 2.39 1.69 1.57 1.95 1.97 1.86 0.3444 
11 Putrid ................................. .......... 3.25 2.04 1.69 2.45 1.97 1.73 2.19 1.39 1.87 1.89 0.2613 
12 Putrid ................................. 2.28 2.28 1. 75 1.82 2.17 1.60 2.05 1.96 1.80 2.15 0.0561 
13 Putrid ................................. 1.89 1.84 1.84 1.65 1.34 2.59 1.57 1.93 1.60 1.76 1.31 0.1312 
14 Putrid, dark areas on sunace ............. 0,65 0.46 0.42 0.53 0.57 1.06 0,44 0.51 0.37 0.76 0.66 0.0423 
15* UDcleaD, gassy.' ......................... 1.59 2.06 1.65 1.49 1.41 1.49 1.47 1.34 1.43 1.46 1.73 0.0441 
._-
---------- ----
_. 
* CaDDed butter 
Cburn- Degree % NaCl, 
log of macro-
no. mottling method 
I Pronouneed 1.56 
2 PronO\lJleed 3.12 
3 Slight 2.75 
4 Slight 3.03 
TABLE 5. SALT DISTRIBUTION IN MO~LED COMMERCIAL BUTTER. 
~~------
---------
Light portions of butter Dark portions of butter 
% NaCI in mleropomon no, % NaCI % NaC! In mlcroportlon DO. ~ 
------------------- average -------------------
1 2 3 4 5 1 2 3 4 5 
---------------------- --------0.00 0.00 0.49 0.45 0.16 0.22 3.11 5.25 4.02 2.M 1.18 
0.38 2.21 1.66 2.~2 1.35 1.70 2.36 3.46 3.60 4.05 2.04 
0.~3 0.95 0.00 1.82 2.34 1.21 1.09 2.92 2.82 2.06 2.47 
2.16 1.92 1.91 1.21 .......... 1.80 2.27 2.~3 2.11 2.96 . ......... 
% NaCI 
average 
----
3.24 
3.22 
a.27 
2.72 
-1 
en 
<:> 
751 
TABLE 6. MOISTURE VALUES OBTAINED ON TWO CHURNINGS OF WELL-
WORKED, COMMERCIAL BUTTER WITH MICRO PROCEDURES. 
(THE MACROVALUES ARE GIVEN FOR COMPARISON.) 
ChurDing nO. 1* 
Micro- Weight of % Moisture when dried for Weight of 
portion sample sample 
no. (mg.) 30 min. 00 min. (mg.) 
1 0.889 14.9 14.5 0.483 
2 0.611 15.7 15.7 0.536 
3 0.757 15.6 16.0 0.553 
4 0.661 13.8 14.2 0.658 
5 0.1i00 15.2 15.6 0.945 
6 0.381 16.0 15.5 0.403 
7 0.685 15.2 15.6 0.638 
8 0.558 15.8 15.8 0.60~ 
U 0.441 16.1 15.9 0.689 
10 0.432 13.4 13.6 0.',69 
Average 0.592 15.2 15.2 0.628 
• Moisture value ,Ietermiued by maeroprocedure=15. 71 pereent. 
t Moisture value determined by ma.roprocedure=16.44 percent. 
Churning no. :It 
% Moisture "hen dried for 
30 min. 00 miD. 
15.9 15.0 
15.P 15.5 
15.8 16.1 
15.8 1.5.8 
15.8 15:9 
14.9 15.4 
16.0 15.9 
15.5 15.8 
14.7 15.0 
15.1 15.4 
15.5 15.7 
Cburn-
Ing Remark. 
no. 
1 
2 
3 
• 
5 
6 
Few H20 droplets 
present in localized 
areas, not printed 
7 
Same a. churning 
no. 6 but after 
printing 
8 
9 
10 
Salted in granules 
1 addleon of H,O 
TABLE 7. SALT AND MOISTURE DISTRIBUTION IN NORMAL COMMERCIAL BUTTER. 
------_ .. _-------
H,O dis- Microportion no. 
tribution Determination Macro-
--1- --2- 3 4 5 6 I 7 . 8 9 10 In butter sample 
% % % % % % % % % % .0/;, 
NaCi in butter 2.37 2.30 .. 2.13 2.24 2.24 2.26 2.46 2.33 2.24 2.21 2.25 
Very good H,O in butter 15.53 14.8 13.6 14.4 14.4 14.3 14.4 15.1 13.4 14.4 14.4 
NaCi in .erum 13.24 13.5 13.5 13.5 13.5 13.6 14 .6 13.4 14.3 13.3 13.5 
---
N aCI in butter 2.45 2.67 2.41 2.46 2.38 2.48 2.19 2.47 2.47 . 2.43 2.42 
Very good H,O in butter 16.44 15.9 15.9 15.8 15 8 15.8 14.9 16.0 15.5 14.7 15.1 
N aCI in .erum 12.96 14.4 13.2 13.5 13.1 13.6 12.8 13.4 13.7 14.2 13.8 
------------------------------
NaCI in butter 2.13 2.11 2.01 2.13 2.06 2.23 1.95 2.17 2.11 2.11 1.99 
Very good H,O in butter 16.82 15.3 15.9 15.9 15.4 16.3 17.2 14.9 16.6 15.4 16.1 
NaCI in .erum 11.24 12.1 11.2 11.8 11.8 12.0 10.2 12.7 11.3 12.0 11.0 
------------------------------
NaClin butter 2.58 2.61 2.82 2.59 2.56 2.48 2.58 2.58 2.54 2.63 2.53 
Very good H,O in butter 17.03 16.0 16.5 16.3 15.5 16.2 11.9 16.5 15.9 IS.6 15.8 
NaCI in serum 13.15 14.0 14.6 13.7 14.2 13.3 12.6 13.5 13.8 14.4 13.8 
. 
------------------------------
N .CI in butter 2.42 2.38 2.09 2.47 2.4S 2.47 2.50 2.43 2.54 2.33 2.24 
Very good H,O in butter IS .. 82 15.1 13.0 13.S 14.2 14 .2 14.4 15.2 14.3 13.3 13.5 
N aCI in serum 13.26 13.6 13.9 IS.5 14.7 14.8 14 .8 13.8 15.1 14.9 14.2 
------------------------------
NaCI in butter 2.37 Z.O! 2.26 2.23 2.10 2.48 2.35 2.39 2.25 2.52 2.40 
Good H,O in butter 16.60 17.1 18.7 14.9 20.0 14.7 IS.4 15.7 15.4 IS.O 11.2 
NBCl in .erum 12.49 10.7 10.8 13.0 9.5 14.4 13.2 13.2 12.7 14.4 17.6 
------------------------------
N.CI in butter 2.38 2.S2 2.57 1.83 2.36 2.63 2.45 2.42 2.39 1.9~ 2.40 
Good H20 in butter 16.63 12.7 15.0 41.2 14 .1 16.5 IS.3 15.5 23.0 14 .8 14.4 
N aCi in serum 12.S1 16.6 14.6 4.3 14 .3 13.7 13.8 13.S 9.4 11.9 14.3 
------------------------------
N.CI in butter 1.26 1.18 0.94 1.23 1.19 1.29 1.13 1.22 1.80 1.30 1.27 
Good HoO in butter 15.71 14.9 15.7 15.6 13.8 15.2 16.0 IS.2 15.8 16.1 13.4 
N aCI in serum 7.44 7.4 5.7 7.3 8.0 7.8 6.6 7.4 10.2 7.5 8.7 
------
~
---------------------
N aCi in butter 0.87 0.55 0.82 0.82 0.75 0.66 0.70 0.69 1.03 0.64 0.77 
Fair· H,O In butter 13.27 9.5 11.S 11.4 12.0 11.0 10.6 10.3 13.4 11.6 10.1 
N BCI in serum 6.15 S.5 6.7 6.7 5.9 S.7 6.2 6.3 7.1 5.2 1.1 
------
--1-------2.8012.77 ---N aCi in butter 2.62 2.68 2.74 2.831 2.41 2.77 2.81 2.94 2.54 Very good H,O in butter 16.10 15.2 15.6 16.1 15.1 14.6 14.7 16.7 13.2 15.9 14.6 
N aCl in serum 13.99 IS.0 14.9 14.9 14.1 IS.9 16.0 15.0 17.5 14.8 14.9 
Variance 
of 
valu,," 
0.0074 
O.24B4 
0.1801 
O.OI3B 
0.2204 
0.2379 
----
0.0073 
0.4711 
0.4921 
----
0.0082 
0.4684 
0.3321 
----
0.0188 
0.5468 
0.3868 
----
0.0242 
5.7654 
5.2894 
--'--
0.0638 
72.6561 
12.0938 
0.0474 
0.8334 
1.4360 
----
0.0172 
1.2271 
0.4382 
---
0.0194 
0.9782 
0.8933 
-::J 
Ot 
tv 
Churn· H,O dis-
ing Remarks tribution Determination Macro-
no. In hutter Bample 
Salted In gmnules, F.ir N .Clln butter 2.26 
11 1 addition of H2O H20 in butter 16.28 
NaCI in Berum 12.19 
Salted in granulca, Fair NaCI in butter 2.41 
12 2 additions of H2O H,O in butter 17.15 
NaCI in serum 12.31 
Salted in roll, Fair NaCI in butter 3.11 
13 1 addition DC H,o H,O in butter 16.92 
N aCl in Berum 15.52 
Salted in roll, Very good NaCI in butter 2.58 
14 2 additions of IhQ H,O in butter 16.92 
NaCI in Berum 13.23 
Salted in roll, Good NaCIIn butter 3.0.1 
15 2 additions of H,O H,O in butter 16.13 
N sCI in Berum 15.90 
---
Salted in roll, Good NnCI in butter 2.49 
16 2 additions of H,O H,O in butter 16.34 
NaCl in serum 13.22 
Salted In roll Good NaCI in butter 2.45 
17 2 additions of H,O H,O in butter 16.88 
NaCI in Berum 12.67 
Salted In roll. Fair NaCI in butter 2.24 
18 2 additIons of H,O H,O in butter 16.31 
NaClln serum 12.1)7 
TABLE 7-(Continued). 
- ~ ---- .---~--
Microportion no. 
--1-"--2- --3---4---5---6- --7---8-1--9- -1-0-
-----------------------------
1.97 2.04 2.29 2.15 2.13 2.06 2.49 2.21 2.08 2.21 
15.1 14.8 14 .4 14.2 15.5 13.4 13.3 15.9 14.6 13.8 
11.5 12.1 13.7 13.2 12.1 13.3 15.8 12.2 12.5 13.8 
---------------------------
2.21 2.41 2.55 2.63 2.45 2.621 2.41 2.40 2.59 2.26 15.1 19.1 13.5 16.2 15.8 15.7 19.4 16.9 15.7 15.7 
12.8 1l.2 15.9 14.0 13.4 14.3 11.0 12.4 14.2 12.6 
------
4.05 2.77 3.12 2.88 3.38 3.25 3.28 3.02 3.39 2.82 
22.2 17.7 16.9 14.7 17.3 17.8 16.5 16.9 17.0 16.9 
15.4 13.5 15.6 16.4 16.3 15.4 16.6 IS.2 16.6 14 .3 
---------------------------
2.42 2.28 2.40 2.31 2.23 2.3S 2.49 2.11 2.37 2.15 
14.8 IS.4 16.0 15.4 15.9 16.0 IS.2 14.0 16.4 15.5 
14.1 12.9 13.0 13.1) 12.3 12.8 14.1 13.1 12.6 12.2 
---------------------------
3.15 2.95 2.89 2.98 3.18 3.05 3.13 2.97 3.18 2.90 
14 .2 18.2 14.9 15.0 15.6 14.9 15.5 15.9 14.5 14.0 
18.2 14.0 16.3 16.6 16.9 17.0 16.8 15.7 1S.0 17.5 
------------------------------
2.51 2.17 2.41 2.17 2.32 2.18 2.32 2.30 2.92 2.20 
16.1 15.7 14.9 17.2 14.6 15.2 14.0 14.9 17.6 14.4 
13.5 12.1 13.9 11.2 13.7 12.5 14.2 13.4 14 .2 13.3 
------------
------------------
2.S9 2.03 2.24 2.25 2.32 2.29 2.33 2.30 2.42 2.35 
15.0 15.2 16.8 22.7 15.6 16.5 16.0 14.8 14.5 15.4 
14.7 U.8 11.8 9.0 12.9 12.2 12.7 13.5 14.3 13.2 
------------
------------------
2.30 2.34 2.42 2.35 2.43 2.35 2.37 2.20 2.11 2.25 
IS.O 15.2 15.4 14.3 14.6 15.2 15.2 15.1 24.8 14.8 
13.3 13.3 13.6 14.1 14 .3 13.4 13.5 12.7 7.9 13.2 
Variance 
of 
values 
0.0221 
0.7400 
1.5.194 
---~-
0.0211 
3.1S88 
2.2418 
0.1411 
3.5899 
1.0468 
----
0.0145 
0.4782 
0.4188 
----
O.OJlO 
1.4268 
1.4641 
---
0.0527 
1.4182 
0.9533 
---
0.0200 
5.6672 
2.5521 
----
0.0100 
9.7560 
S.326.8 
-1 
01 
CI: 
TABLE 8. SALT AND MOISTURE DISTRIBUTION IN COMMERCIAL BUTTER WITH ABNORMAL FLAVORS. 
------
--~---------
Churn- I Determination Macro- Mlcroportion no. Ing Dclect in butter 8=ple 
-1--1-------no. __ 1 ___ 2 ___ 3 ___ 4 ___ 5 ___ 6 ___ 7 ___ 8 ___ 9 __ 1_0_ 
% % % % % % % % % % % 
1* Putrid N aCi In butter 1.55 L14 1.06 1.60 1.20 1.55 1.32 1 72 1.10 1.26 1.55 
H20 in butter 14.88 11.0 10.9 17.5 12.7 16.1 12.5 16.5 12.0 12.8 15.1 
N Bel in .erum 9.43 9.4 8.9 84 8.6 8.8 9.6 9.4 8.4 9.0 9.3 
------------------------------
2* Putrid !'laCi In butter 2.76 2.92 2.92 3.12 2.74 2.80 2.01 2.69 2.83 2.68 2.28 
H,o in butter 16.66 15.7 15.R 20.8 13.7 13.5 11.9 14.5 15.6 15.3 12.4 
ri.el In 8erum 14.21 15.7 15.6 13.0 16 7 17.2 14.5 15.6 15.4 14.9 15.5 
---------------
---------------
3 Putrid NaCI in butter 2.26 3.92 2.05 2.14 2.13 2.18 2.19 2.29 2.42 2.19 1.95 
H,o In butter 15.04 11.1 12.9 13.6 15.3 13.8 11.4 11.8 15.5 22.7 12.5 
N.Clln aerum 13.06 26.1 13.7 13.6 12.2 13.6 10.1 16.3 13.5 8.8 13.5 
------------------------------
4 Putrid N.CIIn butter 2.28 2.37 2.41 2.14 2.14 2.07 2.35 2.22 2.20 231 2.01 
H.O In butt.r 14.70 15.2 15.4 14.0 13.9 12.8 16.8 15.6 14.7 15.0 14.4 
NaCJIln aerum 13.42 13.5 13.5 13.3 13.3 13.9 12.3 12.5 13.9 13.3 12.2 ~ 
------------------------------
6 Not typically putrid NaCi In butter 2.13 2.36 1.79 2.09 2.07 1,80 1.83 1.98 2.01 1.87 1.88 
H.O In butter 14.22 18.2 13.2 13.3 11.8 11.6 12.0 12.0 12.5 11.8 11.8 
N aelln aerum 13.02 U.5 11.9 13.6 14.9 13.4 13.2 14.2 13.9 13.7 13.7 
------------------------------
II Not typically putrid N aOl In butter 2.19 1.68 1.89 !U5 1.75 1.82 1.811 1.66 1.53 1.70 1.68 
H.O In butter 14.11 Ill. 0 13.5 13.2 10.1 17.3 14.8 11.7 21.1 111.5 12.9 
NaCIIn •• rum 13.43 13.7 12.3 14.11 14.8 9.5 1Il.8 12.4 6.8 . 13.9 11.5. 
---- ------------------------------
7 Not typically putrid N aClln butter 2.07 1. 98 2.35 2.03 2.17 1. 79 2.24 2.1~ 1.96 2.82 2.15 
H.O In butter 16.90 H.4 18.5 14.1 14.8 11.1 17.6 14.5 13.6 19.4 14.7 
NaOl in Berum 10.91 12.1 11.3 12.6 12.8 13.9 11.3 13.0 12.6 12.7 12.8 
--- iAOI2.IO ---------------------8 Not typically putrid N aCiln butter 1.90 2.10 1.99 1. 72 2.43 1.73 1.84 2.04 l.96 H.O in butter 17.10 15.5 12.8 17.9 18.2 16.2 22.7 142 16.4 16.9 17.4 
N aC11n aerum 111.00 11.9 9.9 10.5 9.9 9.6 9.7 10.9 10.1 10.8 10.1 
• Cream WlI8 paatcurl.oed wltb a faulty procedure. 
Variance 
. of 
valu .. 
0.0557 
5.6996 
0.1884 
----
0.1061 
6.1907 
1.3254 
----
0.3218 
11.4738 
20.2023 
----
0.0182 
1.2018 
0.3218 
----
0.0308 
3.9307 
1.0289 
----
11.0281 
11.8334 
5.9512 
----
0.0782 
6.2623 
0.6099 
----
0.0775 
7.0351 
0.4938 
-1 
c:Jl 
11>0 
TABLE 9. SALT CONTENTS OF LARGE MOISTURE DROPLETS APPEARING ON CUT SURFACES OF COMMERCIAL BUTTER. 
-- - --- ------- - --- - -
Micro- Churning I, normal butter, Churning 2, normal butter, Churning 3, norm.1 butter, Churning 4, putrid butter 
portion molature droplet. in localized areas two additions of H,O two addition. of H,O 
no. 
I wi. of H,O % NaCl in Wt. of H2O % NaClln Wt.of H,O % NaClin Wt. ofH,O % N.Clin (mg.) H20 droplet (mg.) . H,O droplet (mg.) H,O droplet (mg.) H,O droplet 
1 0.101 20.6 o 391 20.1 0.122 5.1 0.29() 8.9 
2 0.132 15.9 ().309 14.1 0.290 9.() 0.33() 9.0 
3 ().20ft 1.7 0.271 12.3 0.048 16.9 0.221 9.0 
4 0.340 1.1 0.193 17.9 0.151 13.8 0.181 9.0 
5 0.099 8.9 0.151 17.1 0.061 15.0 0.372 9.3 
a 0.151 10.6 0.258 14.0 0.270 9.6 
7 0.240 0.4 ().370 16.2 
8 0.133 16.3 0.162 17.6 
9 0.091 14.2 0.225 19.6 
10 0.072 3.3 0.097 17.() 
-:'l 
~ 
~ 
TABLE 10. EFFECT OF SALT AND MOISTURE DISTRIBUTION ON CHANGES IN NUMBERS OF ORGANISMS IN BUTTER. 
- - - - --- ------
~-
- --
Description of butter 
Cream Organisms per ml. In butter held at 15. S" C. for 
Churning inooulated Sample Salt Degree or I no. with no. distribution working o days 4 days S days 12 days 16 days 
1 1 Good Thorough 8,000 9,000 2,000 800 100 
P .. jTagi 2 Poor Thorough 8,000 60,000 32,000 8,000 1,000 
,3 Noaalt Thorough 8,000 9,000,000 8,700,000 8,900,000 10,300,000 
4 Noaan Poor 8,000 32,000,000 68,000,000 149,000,000 136,000,000 
2 1 Good Thorough 87,000 84,000 8S,OOO 120,000 150,000 
UoidenllJiod 2 Poor Thorough 87,000 18,000,000 26,000,000 21,000,000 21,000,000 
M icrococcu.s 3 No Bait Thorough 87,000 55,000,000 73,000,000 65,000,000 61,000,000 
4 No Bait Poor 87,000 109,000,000 116,000,000 79,000,000 84,000,000 
3 Ach. 1 Good Thorough 37,000 4,000 12,000 14,000 11,000 
lipolyticum 2 Poor Thorough 37,000 670,000 1,700 000 1,700,000 1,700,000 
3 No Ball Thorough 37,000 89,000,000 118, 000,000 92,000,000 lO3,OOO,OOO 
4 No Bait Poor 37,000 250,000,000 134,000,000 140,000,000 131,000,000 
4 Mye. 1 Good Thorough 7,000 5,000 3,000 4,000 7,000 
lipolytica 2 Poor Thorough 7,000 65,000 54,000 132,000 88,000 
3 Poor Poor 7,000 82,000 86,000 144,000 250,000 
4 No •• lt Poor 7,000 590,000 1,600,000 3,400,000 1,300,QOO 
~-----~ 
-------
- ~--~~ 
------ ---- - -- -- -- --- - -- -
-:J 
I:n 
0') 
TABLE 11. EFFECT OF SALT AND MOISTURE DISTRIBUTION ON CHANGES IN pH OF BU'ITER SERUM. 
------- --- ------- ---- ------ - -- --- - -- -- -
Description of butter 
Cream pH of .erum of butter held at 15.5· C. for 
Churning inoculated Sample Salt Degree of 
no. with no. distribution working o daYB 4 days. 8 days 12 day. 
----
I 5% I Good Thorough 6.00 6.05 6.05 6.10 
butter 2 Poor Thorough 6.00 6.06 6.05 6.10 
culture 3 No Bait Thorough 6.31 6.15 5.95 5.73 
H-l 4 No .alt Poor 6.31 5.8S 5.63 5.26 
2 1% I Good Thorough 0.36 6.35 6.25 6.26 
butter 2 Fair Thorough 6.36 6.33 6.30 6.23 
culture 3 Poor Thorough 6.35 6.30 6.25 6.09 
15/1 4 No salt Thorough 6.90 6.80 6.75 6.63 
3 5% 1 Good Thorough 6.16 6.12 6.16 6.10 
butter 2 Poor Tliorough 6.08 5.91 5.89 5.S2 
culture 3 No s.lt Thorough 6.57 6.01 5.83 5.71 
H-l 4 No salt Poor 6.55 5.45 4.99 4.83 
.-
4 5% 1 Good Thorough 5.66 5.65 5.65 5.65 
butter 2 Poor Thorough 5.59 5.56 5.58 5.55 
culture 3 No salt Thorough 5.57 5.45 5.41 5.43 
H-2 4 No •• lt Poor 5.88 5.70 5.71 5.13 
5 50/ 1 Good Thorough 5.98 5.96 5.86 5.86 
mifk culture 2 IJoor Thorough 5.88 5.75 5.67 0.61 
DC 3 No salt Thorough G.25 5.82 5.12 5.70 
S. diacetilacti5 4 Nosal! Poor 6.19 5.09 4.91 5.20 
-
----
16 days 
6.19 
6.14 
5.70 
5.18 
5.85 
5.53 
5.70 
5.16 
-::J 
Cl 
-::J 
TABLE 12. EFFEar OF SALT AND MOISTURE DISTRIBUTION ON CHANGES IN ACIDITY OF FAT OF BUTTER. 
---
------- ---- ------
~- ~---- ~ -
Cream S.l~ Ml. 0.1 N alcoholic KOH re~uired 10 ne,tra"" 10 g. rat from butter held al 15.5° C. for 
Churning inocula~ed Sample distribulion 
I 
I no. with no. in bu~ler o day. 4 d~)'. 8 days ; 12 days 16 days 
--I Ps. 1 Goad 5.3* 6.2 7.3 8.1 8.0 
i1uorescens 2 Poor 5.3 0.2 , 7.5 8A 9.0 
. 
I 
---------
2 Ps. 1 Good 1.8 2.8 3.6 4.3 4.9 
/luorescens 2 Poor 1.8 3.0 4~0 4.9 5.7 
--------
3 Ps. 1 Goad 1.6 3.9 6.8 8.2 8.8 
}1uorescens 2 Poor 1.6 3.9 7.8 9.4 10.6 
4 M,c. I Goad 1.5 20.3 37.5 52.0 58.0 
lipol"ica 2 Poor 1.5 26.3 43.3 61.3 67.3 
I I 
--------
5 M~c. 1 Goad 1.7 8.0 11.7 17.0 19.5 
lipol,'ica 2 I Joor 1.7 9.8 16.5 24.3 29.8 
I 
6 M1c. 1 Goad 1.5 5.8 ' , I . 8.3 
I 
13.0 14 .6 
lipolyrica 2 Poor 1.5 7.0 , I 11.8 18.8 20.5 
I 
• Cream was .lightly rancid. 
-::) 
01 
00 
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TABLE 13. EFFECT OF SALT AND MOISTURE DISTRIBUTION ON DEVELOP. 
MENT OF DEFECTS IN BUTTER. 
(CAUSA'fIVE ORGANISM ADDED TO PASTEURIZED CREAM.) 
Days rl"Quired for production of defect in butter held at 15.5" C. 
Churn- Cream Salted butter Unsalted hutter 
Ing inocumtcd 
no. with . Salt well Salt poorly Thoroughly Poorly distributed distributeil worked worked 
1 Ps. [Tligi 
--* - 6 3 
2 Myc. lil>oly<jcli I I I 1 
3 Myc. lipolytica 1 1 1 1 
4 Ps. putTeiaciens - 3 3 2 
5 Ps. ptitTefC1Cie.ns - 4 2 1 
6 Ad •. lil",ll"jcum - 4 3 2 
7 Myc. lipo ,tica 
-
10 8 5 
8 Ps. pl4tre/aciens - - 4 2 
---
9 Ps. putTelacien. - 3 - 1 
10 Ps. putre/aciens 
and A. aerogenes - - 5 2 
11 Ps. putrefaciens 
and E. coli - 3 3 2 
• IndlcatN no defect developed in the hutter during the holding period. 
TABLE 14. EFFECT OF SALT DISTRIBUTION ON DEVELOPMENT OF DEFECrS 
IN BUTTER. 
(Ps. putrc!aci."s ADDED TO CREAM OR WASH H20.) 
Days rl"Qulred for preduction of !fefect in butter held at 15.5" C. 
Salted butter U ns.lted butter 
Churn- D ganism 
Ing added Salt well S.lt poorly Thoroughly, Poorly 
no. to distributed diolributed worked worked 
1 Cream 
-* 5 - 2 
1. wash. H,D - - 5 2 
---2 Cream - 3 9 2 
2a wash H,D 
- -
5 2 
3 Cream - - - 5 
3. wash H,D - - - 5 
4 Cream - - 5 2 
4. wasbH,O 
- -
5 2 
5 Cream - - 3 2 
Sa wash H,D -' - 3 3 
e Cream - 3 4 2 
& wasb H,O - - - 2 
• Indlcafea nO defect developed in the hutter during holding period. 
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TABLE 15. EFFECT OF SALT DISTRIBUTION ON DEVELOPMENT 
. 
OF DEFECTS IN BU'1'TER 
Churn- Butter MI.IlliIk cuI- Salt dis- Derecta In butter held at 15.S" C. 
Ing Inoculated Sample ture added to tribution 
no. with no. 130 g. butter in butter Butter not reworked Butterreworked 
1 None Good None 
.2 0.5 No salt Putrid at 2 days 
S 0.5 Good None Slightly off 
4 0.5 Poor Slightly olf at 8 days Slightly off 
1 Pl. pu,refacirnl 5 1.0 Good NOlTe 
6 1.0 Poor Putrid at 2 days 
7 3.0 Good None Slightly putrid 
8 3.0 Poor OIT at 4 daYB Putrid 
---
I None Good None 
2 0.5 No salt Putrid at 2 days 
3 O.S Good None 
2 P.5. ptltTefacien~ 4 0.5 Poor None 
S U Good None 
6 1.0 Poor None 
7 3.0 Good None 
8 3.0 Poor None 
I None Good None 
2 0.5 No salt Putrid at 2 daYB 
3 Unidentified gram- 3 1.0 Good None None 
negative rod 4 1.0 Poor None Slightly off 
5 5.0 Good None None 
6 5.0 Poor Slightly off Putrid 
I None Good None 
2 0.5 No sait Putrid at 2 daYB 
3 1.0 Good None Slightly off 
4 Ps." putrefacicns 4 1.0 Poor None Putrid 
5 3.0 Good Slightly otT at 9 days Slightly olf 
6 3.0 Poor Putrid at 6 days Putrid 
1 None Good None 
2 0.5 No salt Putrid at 2 days 
3 1.0 Good None None 
5 Ps. Pu.rr-cillcicns 4 1.0 Poor Putrid at 7 days Slightly off 
5 3.0 Good None None 
6 3.0 Poor Putrid at 4 day. Putrid 
~ 
t None Good None 
2 0.5 No salt ~~~!d at 2 days 
6 Ps. putT'/d.ciens 3 1.0 Good Slightly off 
4 1.0 Poor None Off 
5 3.0 Good None None 
6 3.0 Poor Putrid .t 6 daYB Putrid 
1 NCllle Good Nune 
2 0.5 No salt Putrid at 2 daYB 
7 p$, tYl~tTtfacitns 3 1.0 Good None Slightly off 
4 1.0 Poor ~~~!d at 6 days Slightly off 
5 3.0 Good Off 
6 3.0 Poor Putrid at 2 days Putrid 
---------
I None Good None 
S Ps. /JI4tre/aciEn! 2 05 No.alt Putrid at 2 days 
3 1.0 Goad None None 
4 10 Poor None None 
S 3.0 Good None None 
6 3.0 Poor Putrid at 2 day. Putrid 
---
I None Good None 
2 0.5 .;0 salt Putrid at 2 days 
9 Ps. pittre/uCif!Jl5 3 1.0 Good None 
4 1.0 Poor Off at 3 days 
5 3.0 Good Off at ~ days 
6 3.0 Poor Putrid at 3 days 
-" 
t None Good None 
2 1).5 No salt Putrid at 2 days 
10 Pl. purr~/aci~n! 3 1.0 Good Nlme 
4 1.0 Poor Putrid at 2 days 
5 3 0 Good Putrid at 2 days 
6 3.0 Poor Putrid .t 2 dai·. 
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